














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Description 
The F3532/F68332 and F3533 are 4096 x 8-bit mask­
programmable Read Only Memories (ROM), fabricated with 
n-channel silicon gate technology. They are designed for 
use in bus-organized systems requiring non·volatile data 
storage. For ease of use, the F3532/F68332 and F3533 
require only a single +5 V power supply, have TTL­
compatible inputs and outputs, and, due to their static 
operation, need no clocking or refreshing. 

Electrically identical, the F3532 I F68332 and F3533 
represent both JEDEC standard pinouts, thus providing 
compatibility with other available 32K ROMs and EPROMs. 
To facilitate memory expansion, these devices offer two 
programmable Chip Select inputs whose active levels are 
user defined. 

The F3532-30/F3533·30 and F3532/F3533·35 are 
high speed devices, allowing interface with faster 
generations of 
NMOS microprocessors. 

• Completely Static Operation 
• 8-Bit Bus Compatible Organization 
• 3-State Outputs 
• Two Programmable Chip Select Inputs 
• Single +5 V ± 10% Supply 
• Fully TTL Compatible 
• 3 Speed Grades-tAcc = 300, 350, 450 ns 
• Both JEDEC Standard Pinouts 
• Pin Compatible with Other 32K ROMs 

and EPROMs 

Pin Names 
Ao-A" 
CS " CS2 
00-07 

Address Inputs 
Chip Select Inputs 
Data Outputs 

Absolute Maximum Ratings 
Voltage on Any Pin Relative 
to GND 

Operating Temperature 
Storage Temperature 
Power Dissipation 

-0.3 V, +7 V 
O°C, +70°C 

-65°C, +150°C 
1W 

Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditIons above those indicated in 
the operating section of this speCIfication IS not Implied. Exposure to absolute 

maximum rating conditions for extended periods may affect device reliability. 
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F3532/F68332 
F3533 
4096 x 8 ROM 

Microprocessor Product 

LogiC Symbol 

23 

22 

19 

AO 

A, 

A, 

A, 

A. 

As 

A6 

A7 

A. 

Ag 

AlO 

18 

vcc = Pin 24 
GND = Pin 12 

F3532/F3533 

20 21 

00 

a, 
a, 

a' 
a. 

10 

11 

13 

14 

as 15 

06 

a, 
16 

17 

'All = Pin 18 (F3532IF68332). Pin 21 (F3533); 

CS2 = Pin 21 (F3532/F68332). Pin 18 (F3533) 

Connection Diagrams 
24-Pin DIP 

A7 Vee A, 

A6 A, A6 

As A. As 

A. CS2*'" A. 

A, CS1 u A, 

A, A,o A, 

A, Al1 A, 

Ao 07 Ao 

00 o. 00 

a, as a, 

a, a. a, 

GND a, GND 

(Top View) (Top View) 

**Programmable Chip Selects·(see Custom ROM Programming Information) 

vee II A. 

Ag 

A" 

CSl u 

AlO 

CS2** 

A, 

06 

as 

a. 

a, 



Block Diagram 

A11 

A,o 

A, 

As 

'" a: 
A, ~ 

::l .. 
As I-

::l 
a. 

A, '!: 

'" '" "' A, a: 
0 
0 

'" A, 

Az 

A, 

Ao 

DC Requirements Over operating temperature range 

Symbol Characteristic Min 

Vee Power Supply Voltage 4.5 

VIL Input LOW Voltage -0.3 

VIH Input HIGH Voltage 2.0 

F3532/F68332 
F3533 

00 Q, Q2 03 Q4 as 06 Q7 

CHIP 

32,768-BIT SELECT 

CELL MATRIX INPUT 
BUFFER 

Typ Max Unit 

5.0 5.5 V 

0.8 V 

5.5 V 

DC Characteristics Over operating temperature and voltage range 

Symbol Characteristic Min Typ Max Unit 

VOL Output LOW Voltage 0.4 V 

VOH Output HIGH Voltage 2.4 V 

lee Vee Power Supply Current 80 rnA 

liN Input Leakage Current 2.5 Jl.A 

lOUT Output Leakage Current 10 Jl.A 

Notes on following page. 

8,6 

~CS1 

..-CS2 

Note 

Note 

lOUT = 1.6 rnA 

lOUT = -200 Jl.A 

1 

2 

3 



F3532/F68332 
F3533 

AC Characteristics Over operating temperature and voltage range 

IEEE F35XX-30 F35XX-35 

SymbolS Symbol Characteristic Min Max Min Max 

TAVAV tCYC Cycle Time 300 350 

TAVQV tACC Address to Output Access Time 300 350 

TSLQV tco Chip Select to Output Delay Time 120 150 

TSHQZ tOF Data Hold After Deselection 10 120 10 150 

TAXQZ tOHA Data Hold After Address Time 10 10 

CIN Input Capacitance 7.5 7.5 

COUT Output Capacitance 12.5 12.5 
Notes 
1. All inputs 5.5 V, TA = ace 
2. VIN = 0 V 10 5.5 V 
3. Device unselected: VOUT = 0 V to 5.5 V 
4. Measured with 1 TTL Load and 130 pF, transition times = 20 ns 
5. Capacitance measured with Boonton Meter 
6. Timing Parameter Abbreviations 

F34XX-45 
F68332 

Min Max Unit Note 

450 ns 

450 ns 4 

150 ns 4 

10 150 ns 4 

10 ns 4 

7.5 pF 5 

12.5 pF 5 

All timing abbreviations use upper CBse characters with no subscripts. The initial character is always T and is followed by four descriptors. These characters specify 

two signal points arranged in a "from-to" sequence that define a timing interval. The two descriptors for each signal point specify the signal name and the Signal 
transitions. Thus the format is: 

Signal name from which interval is define_d ___ T ___ t ___ t_--,t XI 

Transition direction for first signal _________ ....J. I 
Signal name to which interval is defined 

Transition direction for second signal 

The signal definitions used in this data sheet are; 
A = Address 
0= Data In 
Q = Data Out 
W = Write Enable 
E = Chip Enable 

Timing Diagram 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

OUTPUT 
DATA 

VOL 

The transition definitions used in this data sheet are: 
H = transition to HIGH 
L = transition to LOW 
V = transition to valid 
X = transition to invalid or don't care 
Z = transition to OFF (high impedance) 

ADDRESS X 

• DON'T CARE INPUT CONDITION OR INDETERMINATE OUTPUT STATE 
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Custom ROM Programming Information 
The customer's unique program code pallern may be 
submitted to Fairchild in several methods. The most 
convenient and readily verifiable is in the form of 2708, 2716 
or 2732 EPROMs. Program code patterns may also be 
submitted on Fairchild Formulator MKIII floppy disks or on HP 
cassette tape in Formulator or 
MIKBUG* format. 

Customer Company Name _____________ _ 
Customer Contact Name _____________ _ 
Customer Part No. ________________ _ 

Customer Input Media 
02708 EPROM 
02716 EPROM 
o 2732 EPROM 
o Floppy Disk 
o HP Cassette 

o Formulator Format 
o MIKBUG Format 

*MIKBUG is a Motorola trademark. 

Formulator Format 

F3532/F68332 
F3533 

Fairchild Use Only 
SLNo. _________________ ---------------
Bid Control No. ________ ....,.-_____ _ 
Field Sales Engineer _____ ~ ______ _ 
Date Sent 

Address __________________ ___ 
Phone No. ___________________ _ 
Fairchild Part No. _______________ _ 

Request for Return Media 
o Listing 
o EPROM (include blank EPROMs) 

Chip Select Information 
HIGH 

CS, 0 
CS2 0 

LOW 
o 
o 

Don't Care 
o 
o 

7 I 8 I 4 I 6 9 I 10 I 11 M·6 I M·5 I M·4 I M·3 M·2 M·l M 
// 
I) 

SOR 

Ao 

Start of record defined to be a colon (:) 

Length field defined to be the number 
of packed data bytes per record. Each 
record is (2' L) + 11 characters in 
length inclusive of start of record. 
Length 0 implies end of relocatable 
module. 

Address field. 

All characters other than SOR are ASCII hexadecimal 
(0·9, A-F). 

8-8 

Din -')' Din - ')0 On' Dno CK, CKo 

Type field. 

001000 ... D(n)l D(n)O Data field. 

Checksum field defined to be negative 
modulo 256 summation of all bytes 
since start of record. A summation of 
all characters in a record, including 
the checksum, will result in zero. 



MIKBUG Format 

Frame 

10 

S 

CC 

Byte Count 

I Leader (Nulls) 

(CR) 
(LF) 
(NULL) 

Frame 

1, Start-ol-Record 

2, Type ot Record 

3. 
Byte Count 

4. 

5. 

6. ~"'f-I Address/Size 

Frames of Tape Checksum 
7. 

8. 

9. 

10. 

Byte Count "2 

Data 

n (Checksum) 

F3532/F68332 
F3533 

CC ~ 30 CC ~ 31 
Header Data 
Record Record 

12 

0000 

48-11 

44-0 
30 

32 

S 

16 

1100 

98 

32 

32 _52_R~_ 
41 

39 9E 
45 

CC = 39 
End-ol-Flle 
Record 

9 

G3 

0000 

46 Fe (Checksum) 
43 

------
DB -- 38 ~heCkSUm) 

Start of record 

Type of record 

Two frames equal one byte. Frames 3 
through n are hexadecimal digits (in 
7-bit ASCII) which are converted to 
BCD. Two BCD digits are combined to 
make one 8-bit byte. The checksum is 
the ones complement of the 
summation of 8-bit bytes. 

8-9 
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Ordering Information' 

Part No. Order Code 

F3532·30 
F3532·35 
F3532·45 

F3533·30 
F3533·35 
F3533·45 

F68332 

P = Plastic DIP 
S = Ceramic DIP 

F353230P, F353230S 
F353235P,F353235S 
F353245P, F353245S 

F353330P,F353330S 
F353335P, F353335S 
F353345P, F353345S 

F68332P, F68332S 

*For extended temperature or military grade, call factory. 
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Advance Product Information 

Description 

The Fairchild F3564 8192 x 8-bit (64K) mask-program­
mable read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage_ Because of its high speed, it readily interfaces 
with all generatins of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3564 has industry-standard pinouts and is compatible 
with other available 24-pin 16K, 32K, and 64K ROMs and 
EPROMs. 

• Address Latch Feature 
• Single 5-V Power Supply 
• Automatic Power-Down 
• Access Time (tAA) of 250 ns for F3564·25 and 350 ns 

for F3564·35 
• Low Power Dissipation (440 mW Maximum Active, 

55 mW Maximum Standby) 
• Fully TTL·Compatible 
• Three·state Outputs 
• Mask·Programmable Enable Function 
• Pin·Compatible with Other Standard 24·Pin 16K, 32K, 

and 64K ROMs and EPROMs. 

The programmable enable (E) input of the F3564 latches 
the addresses and controls the active and standby 
modes of operation (see figure 1); no external latches are 
required. The active level of the E input and the memory 
contents are user-defined. 

The F3564 requires only a single + 5-V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The F3564 signals are described in table 1. 
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F3564 
64K ROM 

Microprocessor Product 

Logic Symbol 

Ao O. 
A, 

A, 
0, 10 

A, 0, 11 

A, 03 13 
As 

A, 
0, 14 

1 A, 05 15 

23 A, 
0, 16 

22 A, 

21 A12 
0, 17 

19 A,. 

18 A11 

GND: Pin 12 
20 

Vee: Pin 24 
LOGIC SYMBOL 

Connection Diagram 

vee 

II A, 

A. 

A12 

E 

A,. 

A11 

Q, 

Q. 

Qs 

Q, 

Q3 



Figure 1 F3564 Block Diagram 

A'2 

A11 

A'D 

Ag 

As 

A7 

As 
ADDRESS 

INPUT 

As 
SUFFERS 

A4 

A3 

A2 

A, 

AD 

Table 1 Signal Descriptions 

Mnemonic Pin No. 

Ao·A12 1·8, 18, 19, 
21·23 

E 20 

°0·°7 9·11, 
13·17 

Vee 24 

GND 12 

Name 

Address Lines 

Enable 

Data Lines 

Supply 

Ground 

F3564 

65536·SIT 
CELL MATRIX 

Description 

E 

TIL·compatible input lines that identify the memory location 
to be read. 

Programmable input signal that latches the address and 
controls operating mode. Active level is user·defined. 

TTL·compatible output lines that contain the data read from 
the addressed location. 

+ 5·V power supply 

Supply and signal ground 
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Advance Product Information 

Description 

The Fairchild F35658192 x 8-bit (64K) mask-program­
mable read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3565 has industry-standard pinouts and is compatible 
with other available 24-pin 16K, 32K, and 64K ROMs and 
EPROMs. 

• Completely Static Operation 
• Single 5-V Power Supply 
• Automatic Power-Down 
• Access Time (tAA) of 250 ns for F3565-25 and 350 ns 

for F3565·35 
• Low Power Dissipation (440 mW Maximum Active, 

55 mW Maximum Standby) 
• Fully TTL·Compatible 
• Three·State Output 
• Mask·Programmable Enable Function 
• Pin·Compatible with Other Standard 24·Pin 16K, 32K, 

and 64K ROMs and EPROMs 

The programmable enable (E) input of the F3565 controls 
the output and the active/standby modes of operation 
(see figure 1). The active level of the E input and the 
memory contents are user-defined. 

The F3565 requires only a single + 5-V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The F3565 signals are described in table 1. 
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F3565 
64K ROM 

Microprocessor Product 

Logic Symbol 

An 
A, 

A, 

A, 

A, 

As 

A, 

1 A, 

23 A, 

22 A. 

21 A12 

19 A,o 

18 All 

GND: Pin 12 
Vee: Pin 24 
LOGIC SYMBOL 

Connection Diagram 
24·Pin Dip 

A, 

A, 

As 

A, 

A3 

A, 

A, 

A. 

00 

0, 

0, 

GND 

00 

0, 10 

0, 11 

0, 13 

0, 14 

Os 15 

0, 16 

0, 17 

E 

20 

Vee II 
A, 

A. 

A" 

E 

A,o 

All 

0, 

06 

Os 

0, 

0, 



F3565 

Figure 1 F3565 Block Diagram 

I I I I I I I I 
- OUTPUT BUFFERS 

-
t t t t t t t t t -

POWER· - DOWN 
Y DECODER LOGIC - 1·0F·32 BYTES 

-
ADDRESS - INPUT 

t1 t 2 1256 BUFFERS ••• -
r---- 1 

2 - r-- I/J 

- r---- a:~ 
Wo r---- oa: 

65536·BIT ENABLE 

r---- 0<0 • INPUT I-- u.., • CELL MATRIX WN • BUFFER 

- r---- oLi. 

r---- ><C? ... 

E 

Ao - 256 

t t 

Table 1 Signal Descriptions 

Mnemonic Pin No. Name Description 

Ao·A12 HI, Address Lines TTL·compatible input lines that identify the memory location 
18, 19 to be read. 
21·23 

E 20 Enable Programmable input signal that latches the address and 
controls operating mode. Active level is user·defined. 

°0·°7 9·11,13·17 Data Lines TTL·compatible output lines that contain the data read from 
the addressed location. 

Vee 24 Supply + 5·V power supply 

GND 12 Ground Supply and signal ground 
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Advance Product Information 

Description 

The F3566 8192 x 8-bit (64K) read-only memory (ROM) is 
designed for use in bus-organized systems requiring non­
volatile memory storage. Because of its high speed, it 
readily interfaces with all generations of NMOS 
microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3566 has industry-standard pinouts and is compatible 
with other available 24-pin 16K, 32K, and 64K ROMs and 
EPROMs. 

• Completely Static Operation 
• Single 5-V Power Supply 
• High-Speed Data Valid Time of 120 ns 
• Access Time (tAA) of 250 ns for F3566-25 and 350 ns 

for F3566-35 
• Low Power Dissipation (440 mW Maximum Active) 
• Fully TTL-Compatible 
• Three·State Output 
• Mask·Programmable Enable Function 
• Pln·Compatlble with Other Standard 24·Pin 16K, 32K, 

and 64K ROMs and EPROMs 

The output enable (G) input controls the output and 
provides test data and valid time for high-speed 
microprocessor applications (see figure 1). The G input 
and the memory contents are user-defined. 

The F3566 required only a single + 5-V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, needs no clocking or refreshing. 

Signal Descriptions 

The F3566 signals are described in table 1. 
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F3566 
64K ROM 

Microprocessor Product 

Logic Symbol 

Ao 

A, 

A, 

A, 

A, 

A, 

As 
A, 

23 A. 

22 A. 

21 A12 

19 AlO 

18 Al1 

GND: Pin 12 
Vee: Pin 24 
LOGIC SYMBOL 

Connection Diagram 
24·Pln Dip 

0 0 

0, 10 

0, 11 

0, 13 

0, 14 

0, 15 

o. 16 

0, 17 

G 

20 



Figure 1 F3566 Block Diagram 

A12 

All 

Al0 

Ag 

As 

A7 

A6 
ADDRESS 

INPUT 

As 
BUFFERS 

A4 

Aa 

A2 

Al 

AO 

Table 1 Signal Descriptions 

Mnemonic Pin No. 

Ao·A12 1·8, 18, 19, 
21·23 

G 20 

0 0'°7 9·11,13·17 

Yee 24 

GND 12 

1 
2 

III 0:;: 
Wo 
Co: 

8~ • • WN • cli. 
><Q 

256 

Name 

Address Lines 

Enable 

Data Lines 

Supply 

Ground 

F3566 

Y DECODER 
1·0F·32 BYTES 

65536·BIT 
CELL MATRIX 

Description 

TS 

256 

ENABLE 
INPUT G 

BUFFER 

TIL.compatlble input lines that Identify the memory location 
to be read. 

Programmable input signal that latches the address and 
controls operating mode. Active level is user·defined. 

TIL·compatible output lines that contain the data read from 
the addressed location. 

+ 5·Y power supply 

Supply and signal ground 
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Advance Product Information 

Description 

The Fairchild F3568 8192 x 8-bit (64K) mask-program­
mable, read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage_ Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors_ 

Fabricated with n-channel silicon-gate technology, the 
F3568 has industry standard pinouts and is compatible 
with other available 28-pin 64K ROMs and EPROMs_ 

• Address Latch Feature 
• Automatic Power-Down 
• Access Time (tAA) of 250 ns for F3568-25 and 350 ns 

for F3568·35 
• Low Power Dissipation (440 mW, Maximum, Active; 

55 mW, Maximum, Standby) 
• Fully TTL-Compatible 
• Three-State Outputs 
• Mask-Programmable Enable Function 
• Single 5 V Power Supply 
• Pin-Compatible with Other Standard 28-Pin 64K ROMs 

and EPROMs 

The chip enable (CE) input of the F3568 latches the 
addresses and controls the active and standby modes of 
operation; the output enable (OE) input controls the chip 
outputs and provides fast data valid time for high-speed 
microcomputer applications (see figure 1)_ Two chip 
select (CS) inputs are provided for memory expansion. 
The active levels of the CE and CS inputs, and the 
memory contents, are user-defined. 

The F3568 requires only a single + 5 V power supply, has 
TTL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The input/output signal functions of the F3568 are 
described in table 1. 
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F3568 
64K ROM 

Microprocessor Prod uct 

Logic Symbol 

10 Ao 

A, 

A, 

A, 

A, 

A, 

A. 

A, 

25 A, 

24 A, 

21 A" 

23 A" 

27 

GND: Pin 14 
Vee: Pin 28 

Connection Diagram 
28-Pin Dip 

NC 

A" 

A, 

A. 

A, 

A, 

A, 

A, 

A, 

Ao 10 

0 0 11 

0, 12 

0, 13 

GND 14 

00 11 

0, 12 

0, 13 

0, 15 

0, 16 

0, 17 

0, 18 

0, 19 

OE CE 

26 22 20 

• 28 vee 

27 CS, 

26 CS, 

25 A, 

24 A, 

23 A" 

22 OE 

21 A" 

20 CE 

19 0, 

18 O. 

17 0, 

16 0, 

15 0, 

(Top View) 



F3568 

Figure 1 F3568 Block Diagram 

A12 

All 

A10 
. CHIP 

Ag SELECT CS1/CS1 Y DECODER INPUT Aa 1·0F·32 BYTES BUFFERS 
~/CS2 

A7 AND 
ADDRESS LATCH 

A6 INPUT 
As BUFFERS AL 

1 

A4 2 
II) 

A3 
a:~ 
wO 
Qa: • 65536·BIT ENABLE 

CE/CE A2 Oco • CELL MATRIX INPUT Oil) 
WN • BUFFER 

Al Qu. 
><0 

Au 256 

jQ 151) 

Table 1 Signal Functions 

Mnemonic Pin No. Name Description 

Ao·A12 2·10,21, Address Lines TIL·compatible input lines that identify the memory location 
23·25 to be read 

CE 20 Chip Enable Programmable Input signal that latches the address and 
controls operating mode; active level is user·defined. 

CS1, CS2 26, 27 Chip Select Programmable input signals that allow memory expansion; 
active level is user·defined. 

GND 14 Ground Supply and signal ground 

OE 22 Output Enable Input signal that controls outputs and provides fast data valid 
time 

°0·°7 11·13, Data Lines TIL·compatible output lines that contain the data read from 
15·19 the addressed location 

Vee 28 Supply + 5 V power supply 
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Advance Product Information 

Description 

The Fairchild F35698192 x 8-bit (64K) mask-program­
mable, read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors. 

Fabricated with n-channel silicon-gate technology, the 
F3569 has industry-standard pinouts and is compatible 
with other available 28-pin 64K ROMs and EPROMs. 

• Automatic Power-Down 
• Access Time (tAA) of 25.0 ns for F3569-25 and 350 ns 

for F3569-35 
• Low Power Dissipation (440 mW, Maximum, Active; 

55 mW, Maximum, Standby) 
• Fully TIL-Compatible 
• Three-State Outputs 
• Mask Programmable Enable Function 
• Single 5 V Power Supply 
• Completely Static Operation 
• Pin-Compatible with Other Standard 28-Pln 64K ROMs 

and PROMs 

The chip enable (CE) input of the F3569 controls the 
active and standby modes of operation; the output 
enable (OE) input controls the chip output and provides 
fast data available time for high-speed microcomputer 
applications (see figure 1). Two chip select (CS) inputs 
are provided for memory expansion. The active levels of 
the CE and CS inputs, and the memory contents, are 
user-defined. 

The F3569 requires only a single + 5 V power supply, has 
TIL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking o(refreshing. 

Signal Descriptions 

The input/output signal functions of the F3569 are 
described in table 1. 
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F3569 
64K ROM 

Microprocessor Product 

Logic Symbol 

10 

25 

24 

21 

23 

Ao 
A, 

Ao 

A. 

A4 
A. 

As 
Ar 

A8 

As 
A,. 

A11 

27 

GND: Pin 14 
Vee: Pin 28 

Connection Diagram 
28-Pln Dip 

00 11 

0, 12 

0 0 13 

O. 15 

0, 18 

Os 17 

08 18 

Or 19 

CE 

28 22 20 

• 



Figure 1 F3569 Block Diagram 

A12 

All 

A10 

Ag 

As 

A7 

A6 
ADDRESS 

INPUT 

As BUFFERS 

A4 

As 

A2 

Al 

Ao 

PI) 

Table 1 Signal Functions 

Mnemonic Pin No. 

Ao·A12 2·10,21, 
23·25 

CE 20 

CS1, CS2 26, 27 

GND 14 

OE 22 

°0·°7 11·13, 
15·19 

Vee 28 

1 
2 

en 
a:;l: 
wO 
oa: 
Oeo 
(.)1/) 
WN 
OLL 
><0 

256 

150 

Name 

Address Lines 

Chip Enable 

Chip Select 

Ground 

Output Enable 

Data Lines 

Supply 
- --, ... _---

F3569 

Qo Ql Q2 Qs Q4 Qs Q6 Q7 

Y DECODER 
1·0F·32 BYTES 

256 

65536·BIT 
CELL MATRIX 

Description 

CHIP 
SELECT 
INPUT 

BUFFERS 

AL 

ENABLE 
INPUT 

BUFFER 

CS1/CS1 

CS2/CS2 

CE/CE 

TIL·compatible input lines that identify the memory location 
to be read 

Programmable input signal that controls operating mode; 
active level is user·defined. 

Programmable input signals that allow memory expansion; 
active level is user·defined. 

Supply and signal ground 

Input signal that controls outputs and provides fast data valid 
time 

TIL·compatible output lines that contain the data read from 
the addressed location 

+ 5 V power supply 
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Advance Product Information 

Description 

The Fairchild F3570 8192 x 8-bit (64K) mask-program­
mable, read-only memory (ROM) is designed for use in 
bus-organized systems requiring non-volatile memory 
storage. Because of its high speed, it readily interfaces 
with all generations of NMOS microprocessors. 

Fabricated with n-channel Silicon-gate technology, the 
F3570 has industry-standard pinouts and is compatible 
with other available 28-pin 64K ROMs and EPROMs. 

• Access Time (tAA) of 250 ns for F3570-25 and 350 ns 
for F3570·35 

• High-Speed Data Valid Time of 120 ns 
• Low Power Dissipation (440'mW, Maximum, Active) 
• Fully TTL·Compatible 
• Three-State Outputs 
• Mask-Programmable Chip Select Active Levels 
• Single 5 V Power Supply 
• Completely Static Operation 
• Pin-Compatible with Other Standard 28-Pln 64K ROMs 

and EPROMs 

The output enable (DE) input controls the chip output 
and provides fast data valid time for high-speed 
microprocessor applications (see figure 1). Two chip 
select (CS) Inputs are provided for memory expansion. 
The active levels of the CS inputs, and the memory 
contents, are user-defined. 

The F3570 requires only a single + 5 V power supply, has 
TIL-compatible inputs and outputs, and, due to its static 
operation, requires no clocking or refreshing. 

Signal Descriptions 

The input/output signal functions of the F3570 are 
described in table 1. 

8·21 

F3570 
64K ROM 

Microprocessor Product 

Logic Symbol 

10 Ao 
A, 

A. 

A, ,.. 
As 

A" 
A7 

25 A" 
24 As 
21 A,. 

23 A11 

27 

GND: Pin 14 
Vee: Pin 28 

Connection Diagram 
28-Pln Dip 

NC 

A,. 

A7 

A" 

As 

,.. 
A. 

A, 

A, 

Ao 

Q. 

Q, 

Q. 

GND 

Q. 11 

Q, 12 

Q. 13 

Q, 15 

Q. 16 

QS 17 

Q6 18 

Q7 19 

~ 

26 22 

II 
Vee 

CS, 

CS. 

A. 

As 

A11 

OE 

A,. 

CE 

Q7 

Os 

Qs 

Q. 

Q, 

(Top View) 



F3570 

Figure 1 F3570 Block Diagram 

A12 

All 

Al0 

A9 CHIP C§1/CS1 
Y DECODER SELECT As 1·0F·32 BYTES INPI,IT 

A7 BUFFERS CS2/CS2 

As 
ADDRESS 

INPUT 
As BUFFERS 

1 
256 

~ 2 
I/) 

As 
~~ 
WO 
CI~ • 65536·BIT 

A2 Oce • CELL MATRIX (.Jon • WC'oI 
Al ClIL. 

><0 
Ao ... 256 

Table 1 Signal Functions 

Mnemonic Pin No. Name Description 

Ao·A,2 2·10,21, Address Lines TIL·compatible input lines that Identify memory location to 
23·25 be read 

CS" CS2 26,27 Chip Select Programmable Input signals that allow memory expansion; 
active level is user·defined. 

GND 14 Ground Supply and signal ground 

OE 22 Output Enable Input signal that controls outputs and provides fast data valid 
time 

0 0-07 11·13, Data Lines TIL·compatible output lines that contain the data read from 
15·19 the addressed location 

Vee 28 Supply + 5 V power supply 
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Description 
The F35316/F68316 is a mask-programmable byte­
organized MOS Read Only Memory (ROM) designed for use 
in bus-organized systems requiring non-volatile data storage. 
It is fabricated with n-channel silicon-gate technology. For 
ease of use, the F35316/F68316 operates from a single 
+5 V power supply, inputs and outputs are TTL and DTL 
compatible, and the device needs no clocks or refreshing 
because of its static operation. 

The F35316/F68316 is compatible with the F6800, F8 and 
other microcomputer families providing read only storage in 
byte increments. To facilitate memory expansion, the device 
contains three programmable Chip Select inputs providing 
any combination of active HIGH or LOW or an optional DON'T 
CARE state coupled with output wired-OR capability. Chip 
select code and memory content are user defined and are 
fixed during the masking process. 

The F35316/F68316 provides maximum circuit density, 
reliability and performance yet maintains low power 
disSipation and yields significant cost advantages over an 
EPROM approach. 

• 2048 x 8-BIT BUS-COMPATIBLE ORGANIZATION 
• FULLY STATIC OPERATION 
• 3-STATE DATA OUTPUTS FOR WIRED-OR CAPABILITY 
• MASK-PROGRAMMABLE CHIP SELECTS FOR 

SIMPLIFIED MEMORY EXPANSION 
• SINGLE +5 V ± 10% POWER SUPPLY 
• TTL AND DTL-COMPATIBLE INPUTS 
• MULTIPLE SPEED GRADES 

tACC = 250 ns, 300 ns (F35316) 
tACC = 350 ns, 450 ns, 500 ns (F68316) 

• DIRECTLY COMPATIBLE WITH 2316E 
• PIN COMPATIBLE WITH F2708 AND F2716 EPROMs 

Pin Names 
Ao-A1O 
CS1-CS3 
00-07 

Address Inputs 
Chip Select Inputs 
Data Outputs 

Absolute Maximum Ratings 
Voltage on Any Pin Relative 
to GND 

Operating Temperature 
Storage Temperature 
Power Dissipation 

-0.3 V to +7 V 
O°C to +70°C 
-65°C to +150°C 
lW 

Stresses greater than those listed under "Absolute Maximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at Ihese or any other conditions above those indicated in 
the operating section of this specification IS not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 
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F35316/F68316 
2048 x 8 ROM 

Microprocessor Products 

Logic Symbol 

AD 

A, 

A2 

A3 

A. 

As F35316/F68316 

A6 

A7 

23 A6 

22 A9 

19 AlO 

CSt CS2 CS3 

20 18 21 

VCC = Pm 24 
GNO = Pin 12 

Connection Diagram 
24-Pin DIP 

A7 

A, 

As 

A. 

A3 

A2 

A, 

AD 

00 

0, 

02 

GND 

(Top View) 

• Programmable Chip Selects 

Vee 

As 

A9 
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0, 
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O. 
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02 11 
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F35316/F68316 

Block Diagram 

AlO 

A9 

As 

A7 on 
a: 
w .. 

As 
.. 
:> 
III 
I-

As :> .. 
;!; 

A. on on 
w 
a: 

A3 C 
C .. 

16,384-BIT 
A2 CELL MATRIX 

128 l( 128 

Al 

Ao 

DC Requirements Over operating temperature range 

Symbol Characteristic Min Typ Max Unit 

Vee Power Supply Voltage 4.75 5.0 5.25 V 

VIL Input LOW Voltage -0.5 0.8 V 

VIH Input HIGH Voltage 2.0 5.5 V 

DC Characteristics Over operating temperature and voltage range 

Symbol Characteristic Min Typ Max Unit Notes 

lee Vee Power Supply Current 110 rnA 1 

liN Input Leakage Current 2.5 /lA 2 

lOUT Output Leakage Current 10 /lA 3 

VOL Output LOW Voltage 0.4 V lOUT = 1.6 rnA 

VOH Output HIGH Voltage 2.4 V lOUT = -200 /lA 

Notes on following page. 
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F35316/F68316 

AC Characteristics (F35316) Over operating temperature and voltage range 

IEEE 
F35316-25 

SymbolS Symbol Characteristic Min Max 

TAVAV tCYC Cycle Time 250 

TAVQV tACC Address to Output Delay Time 250 

TSLQV tco Chip Select to Output Delay Time 150 

TSHQZ tOF Data Hold After Deselection 10 150 

TAXQZ tOHA Data Hold After Address Time 10 

CIN Input Capacitance 7.5 

COUT Output Capacitance 12.5 

AC Characteristics (F68316) Over operating temperature and voltage range 

IEEE 
Symbol6 Symbol Characteristic 

TAVAV tCYC Cycle Time 

TAVQV tACC Address to Output Delay Time 

TSLQV tco Chip Select to Output Delay Time 

TSHQZ tOF Data Hold After Deselection 

TAXQZ tOHA Data Hold After Address Time 

CIN Input Capacitance 

COUT Output Capacitance 

Notes 
1. AlImputs 5 5 V, TA = O°C 

2. VIN ~ 0 V 10 5.5 V 

3 Device unselected Your = 0 V to 5.5 V 
4 Measured with 1 TTL load and 130 pF. tranSition tunes = 20 ns 

5 Capacitance measured with Boonlon Meter 
6, Timing Parameter Abbreviations 

F68316-35 

Min Max 

350 

350 

150 

10 150 

10 

7.5 

12.5 

F35316-30 

Min Max 

300 

300 

150 

10 150 

10 

7.5 

12.5 

F68316-45 

Min Max 

450 

450 

150 

10 150 

10 

7.5 

12.5 

Unit Note 

ns 

ns 4 

ns 4 

ns 4 

ns 4 

pF 5 

pF 5 

Unit Note 

ns 

ns 4 

ns 4 

ns 4 

ns .4 

pF 5 

pF 5 

All timing abbreviations use upper case characters with no subscripts. The mitial character is always T and is followed by four descriptors. These characters specify two 
signal pomts arranged In a "from-to" sequence that define a liming Interval. The two descriptors for each signal point specify the signal name and the signal transitions. 
Thus the format IS' 

x x 

Signal name from which Interval is define_d _____ + ____ --'t I 
TranSition directIOn for first signal -----------' I 
Signal name to which Interval IS defined 

TranSition direction for second signal --------------' 

The Signal definitIOns used In thiS data sheet are. 

A = Address 
0== Data In 
Q:::; Data Out 

W = Write Enable 

E = Chip Enable 

The transitIOn deflnilions used In thiS data sheet are 

H = tranSition to HIGH 

L = tranSition to LOW 
V = transItion to valid 

X = tranSition to Invalid or don't care 
Z = transItion to OFF (high Impedance) 
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Timing Diagram 

ADDRESS 

PROGRAMMABLE 
CHIP SELECTS 

OUTPUT 
DATA 

YUH 

VOl 

ADDRESS X 

__________ OPEN __________ -( 

F35316/F68316 

ADDRESS Y 

• DON'T CARE INPUT CONDITION OR INDETERMINATE OUTPUT STATE 

Custom ROM Programming Information 
The customer's unique program code pattern may be 
submitted to Fairchild in several methods. The most 
convenient and readily verifiable is in the form of 2708, 2716 
or 2732 EPROMs. Program code patterns may also be 
submitted on Fairchild Formulator MKIII floppy disks or on HP 
cassette tape in Formulator or 
MIKBUG* format. 

Customer Company Name _____________ _ 
Customer Contact Name ______________ _ 
Customer Part No. _______________ __ 

Customer Input Media 
02708 EPROM 
o 2716 EPROM 
02732 EPROM 
o Floppy Disk 
o HP Cassette 

o Formulator Format 
o MIKBUG Format 

'MIKBUG IS a Motorola trademark 

Fairchild Use Only 
SLNo. ________________________________ __ 

Bid Control No. ___________________________ _ 
Field Sales Engineer _____________ _ 
Date Sent 

Address ___________________________________ __ 

Phone No.~ __________________ _ 
Fairchild Part No. _____________________________ _ 

Request for Return Media 
o Listing 
o EPROM (include blank EPROMs) 

Chip Select Information 
HIGH LOW 

CS 1 0 0 
CS2 0 0 
CS3 0 0 

8.-26 
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Formulator Format 

-:::0~1 ~1--1.1-:-2 ...J1-:-3_1L-:-4-J-1 ~5--1.-:6--1.1-:-7 ...J1-:-B_11-::-9-J-1 -::-10--1.1,,:,1_1 ....L...jf/ 1 M·6 1 M·5 1 M·4 1 M·3 1 M·2 1 M·l I M 
SOR L, Lo A3 A2 A, Ao T, To 001 000 011 D(n-l)loln-1)O Ont DnD CK, eKo 

SOR 

MIKBUG* Format 

Frame 

10 

S 

CC 

Byte Count 

Start of record defined to be a colon (:) 

Length field defined to be the number 
of packed data bytes per record. Each 
record is (2' L) + 11 characters in 
length inclusive of start of record. 
Length a implies end of relocatable 
module. 

Address field. 

I Leader (Nulls) 

(CR) CC = 30 
(LF) Header 
(NULL) 

Frame 
Record 

1. Slart-ol-Record 53 

2. Type 01 Record 30 

3. Byte Count 
31 

4. 32 

5. 30 

6. 30 
Address/Size 

7. 30 

B. 30 

9. 34 

10. 38 

34 

34 
Data 

S 

12 

0000 

48-11 

44-0 

Type field. 

001000 ... D(n)l D(n)O Data field. 

Checksum field defined to be negative 
modulo 256 summation of all bytes 
since start of record. A summation of 
all characters in a record, including 
the checksum, will result in zero. 

All characters other than SOR are ASCII hexadecimal 
(0-9, A-F). 

CC = 31 CC 39 
Oat. End-ai-File 
Record Record 

53 S 53 S 

31 1 39 9 

31 
16 

30 
G3 

36 33 

31 30 

31 30 
1100 0000 

30 30 

30 30 

39 46 
FC (Checksum) 98 

38 43 

32 

• "" IT] 32 -- --
41 CD -- 38 ~h.CkSUm) 

n (Checksum) 
39 9E 
45 

Start of record 

Type of record 

Two frames equal one byte. Frames 3 
through n are hexadecimal digits (in 

8-27 

7 -bit ASCII) which are converted to 
BCD. 
Two BCD digits are combined to make 
one 
a-bit byte. The checksum is the ones 
complement of the summation of a-bit 
bytes. 
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Ordering Information* 

Part No. 

F35316·25 
F35316-30 
F68316·35 
F68316·45 

P = Plastic DIP 

S = Ceramic DIP 

Order Code 

F3531625P, F3531625S 
F3531630P, F3531630S 
F3531635P, F3531635S 
F3531645P, F3531645S 

* For extended temperature or military range, call factory. 

F35316/F68316 
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Section 9 
Development Systems 

and Software 

General 

The following is data that describes the design aids 
available for hardware and software development and 
emulation in the creation of Fairchild microprocessor­
based systems. 
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Advance Product Information 

DesCription 

The Fairchild EMUTRAC is a powerful, cost-effective, in­
circuit emulation and tracing system that supports micro­
computer system development. The EMUTRAC system 
allows simultaneous and interactive hardware and software 
development, which permits control, interrogation, revision, 
and debugging of a microcomputer system in its own real­
time environment. Software may be developed and debug­
ged with or without complete prototype hardware. 

• Single Controller Fits Within the F8-1 Chassis. 
• Interchangeable External Modules Individually Support 

F3870, F6800, F6809, and F9445 Microprocessors. 
• EMUTRAC Provides Optional Substitution for CPU and 

1/0 Peripherals, as Well as Memory, in Prototype 
Systems. 

• Address·Steering Allows Selective Substitution for Proto­
type System Memory, In Blocks of 64 Words. 

• 8K Words (or 16K Bytes) of Mappable Substitution· RAM 
Is Provided, Using 2114 or 2148 Devices. 

• 4-Bit Tags, Which Aid In Breakpoint·Marking, Can Be 
Associated with Individual Substitution-Memory Loca· 
tlons, 256-Locatlon Blocks of Prototype Memory, or 1/0 
Device Accesses. 

• A Tag, User·Asslgnable Probes, Bus Data, and Functions 
of Key Microprocassor and EMUTRAC·lnternal Signals 
Comprise the 48-Blt Machine·State Word, Which Is Re· 
evaluated for Each Bus Cycle. 

TMEMUTRAC is a trademark of Fairchild Camera and Instrument Corporation. 
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EMUTRACTM 
Emulation and Tracing System 

Microprocessor Product 

• The Breakpoint Comparator examines the 48·Blt 
Machine-State Word During Each Bus Cycle, and Can 
Detect Eight Simultaneous Breakpoint Conditions. 

• A Programmable Micro-Sequencer Responds During 
Each Cycle to the Detected Condition by: 
- Conditional Change In Sequence, with "Jump" or 

"Step" Functions; 
- Conditional Update of Two Independent Delay· 

Counters; 
- Optional Issue of Four Independent Pulses, to Sync 

External Tests; 
- Conditional Recording of One Trace·Frame; 
- Optional "Pause:' "Interrupt:' etc., Functions. 

• Each Trace·Frame Word Captures 64 Bits, Composed of 
the Address Issued During Bus·Cycle and Machlne·State 
Word. 

• Interactive HardwarelSoftware Debugging Is Simplified, 
with Symbolic LocatlonNariable-Names, Instruction 
Mnemonics, and Signal· Names. 

• Simple, English-like Commands Control the Emulation 
Process. 

• Command Language Provides REPEAT, Flle·INCLUDE, 
and MACRO Capabilities, as Well as Sesslon·Logfile and 
Selective-Printout Generation. 

• 



System Function 

The EMUTRAC system combines the functions of console 
operations, a symbolic debugger, a logic analyzer, and a 
substitution CPU and memory. The system consists of an 
EMUTRAC controller card that plugs into the FS-I develop­
ment system and an external module that interfaces the 
controller to the target system (see figure 1). 

The EMUTRAC system supports all Fairchild 
microprocessor families, with processor-independent 
logic on the controller card and logic unique to a 
specific processor residing in the external module. 
Different microprocessors can be supported using 
different EMUTRAC modules with the same EMUTRAC 
controller card. 

Figure 1 EMUTRAC System 

CRT TERMINAL 

FSI CHASSIS 
CPU/DISK 

1--------
I 
I 
I 
I 
I 
I 
I 

LAB 
OSCILLOSCOPE 

OR 
LOGIC 

ANALYZER 

EMUTRAC 
CONTROL 
SOFTWARE 

EMUTRAC 
CONTROLLER 
PC BOARD 
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Operator Interface 
The EMUTRAC control software, which runs on the FS-I, has 
simple setup commands that provide explicit control of the 
memory mapping, tag attachment, breakpoint definition, 
and sequencer action functions. Additional commands pro­
vide the block load/dump functions for RAM definition, as 
well as the interactive examine/deposit-search operations 
usually provided in a debugger. Simple commands provide 
start, stop, and single-cycle control for the emulation; other 
commands control the operator interface providing log file 
and print generation, checkpoint creation and retrieval, and 
REPEAT, INCLUDE, and MACRO commands. The control 
software provides an easy-ta-use, concise command struc­
ture, with HELP commands to aid on-line learning, yet aids 
the accomplished user through command flies to perform 
repetitious tasks. 

------------1 
EMUTRAC I 
SYSTEM I 

EMUTRAC 
MODULE 

I 
I 
I 
I 
I 
I 
I 

__ ...J 



Memory Substitution and Initialization 
The EMUTRAC system's RAM can selectively substitute for 
sections of the prototype system's memory. Thus, table­
modifications or code-patches can be made to RAM,-and 
the results verified, without time-consuming PROM·program­
ming or ROM-masking. Similarly, the RAM can be used as 
memory-expansion for the. prototype system, permitting 
extra-large programs (with diagnostic or debugging aids) to 
be used during development and test. 

Block-initialization of EMUTRAC RAM or prototype RAM (or 
of any control-RAM within the EMUTRAC) can be easily 
accomplished with the "load <ramname> from <filename>" 
command. The complementary "dump <ram name> into 
<filename>" provides a simple way to capture the current 
contents of any memory. Together, these commands allow 
"snapshots" to be taken, for later comparison and analysis 
or for quick state-restoration between test runs. 

Operator Control 
The console functions of the EMUTRAC system consist of 
four groups: run control, memory examine and depOSit, I/O 
register examine and depOSit, and CPU register examine 
and deposit. The run control comprises STOP, RESET, 
START, CONTINUE, and single-Instruction STEP commands. 
The memory, I/O register, and CPU register examine and 
deposit controls allow the user to inspect and modify the 
state of the microprocessor, I/O device, and system memory 
registers. Locations examined can be displayed in symbolic 
form, and modifications can be made in terms of user­
defined symbols and mnemonic instruction codes. 

Program Breakpoints 
The breakpoint feature provides controlled Interruptions or 
normal program flow when the user-selected pattern of 
status conditions eXists, so that memory, registers, and 
CPU status can be Interrogated and traced. To aid detection 
of ranges or scattered instances of address- or I/O-access, 
4-blt-per-location tags are provided in EMUTRAC memory; 
thus, improper memory WRITE operations, access to non­
existent memory or I/O devices, and references to key 
variables are all simple to identify. The EMUTRAC break­
pointing facility is extremely powerful; up to eight indepen­
dent breakpoints can be simultaneously monitored. 

Real· Time Trace Control 
The tracing feature of the EMUTRAC system functions like 
a dedicated logic analyzer, giving the user a record of up to 
255 previous events. The "audit trail" thus created can be 
used to find the cause of system failure. The EMUTRAC 
system, however, offers much more than a normal logic 
analyzer. 
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Trace-frame generation Is controlled by the programmable 
sequencer. Detection of a breakpoint can trigger capture of 
consecutive machine cycles, and counter controls can 
"center" this capture window as desired. Additionally, the 
trace log can be considerably filtered to include only those 
events surrounding the trigger that satisfy additional condi­
tions, thereby making better use of available trace memory. 
Alternatively, short packets of trace information can be 
recorded In response to multiple trigger conditions 
encountered during testing. 

Software Timing 
The software timing feature, which works under the control 
of the breakpoint sequencer, allows the user to acquire 
statistics on the performance of the microprocessor system 
software modules. The timer allows the user to measure the 
execution time of a block of code, as well as the number of 
times that block of code was used during the execution of a 
given program. This permits the user to estimate the per­
formance of the total system and provides direction for 
optimization efforts. It can also be used to identify failing 
sequences that take significantly smaller or larger amounts 
of time than antiCipated. 

Command·Language Features 
Commands to the EMUTRAC system are issued as a sequence 
of simple, English-like sentences; diagnostic messages in 
response to command errors, and the HELP command 
assist new users In operating the system. The accom­
plished user is assisted by language features such as: 

IF <expression> ( ... ) ELSE ( ... ) 

which allows conditional command-issue, 

REPEAT <count> ( ... ) 

which reissues a set of commands several times, 

INCLUDE <filename> 

which issues a pre-recorded sequence of commands, and 

MACRO <arglist> ( ... ) 

which constructs sequences with replaceable elements. 

During the emulation, all commands are recorded In a 
session-log file as they are issued; this file could, for 
instance, be printed as documentation of test results. 
The run can later be duplicated, or extended, by simply 
Issuing the saved log-ciata as commands with an INCLUDE 
statement. 

• 
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Description 

The microprocessor system designer can create 
hardware and software development systems for the F8 
and F387X by selecting modular subassemblies from 
Fairchild's line of F8 and F387X design aids. 
Development may start with a Formulator Mark I single­
board system, then expand to more sophisticated Mark II 
or Mark liFO development systems than can handle both 
software and hardware development (see figure 10-1). 
Future growth may lead to a complete Formulator Mark 
III with intelligent control panel, power supply and 
accessories, or to the top of the line Formulator Mark 
IIiFO with floppy disk drives. 

Three growth packages plus a selection of optional 
modules provide a practical method for upgrading the 
single-board Mark I to either the Mark II or Mark liFO, or 
to the maximum system configuration Mark III or Mark 
IIiFO. Using the growth packages, the designer can 
begin sophisticated system application programs at very 
low cost and then upgrade the development tools in 
relatively inexpensive steps at a later time. 

The most elementary configuration, called the 
Formulator Mark I, includes a processor module that 
contains an F8 CPU, program storage unit that includes 
a debug program, dynamic and static memory interface 
circuits, 1024 bytes of random access memory, and the 
necessary buffers and other components for hardware 
development. It also includes a 13-slot card cage, an 1/0 
cable kit, and a power cable. 

The second level, the Formulator Mark II, includes all of 
the Mark I components plus a memory board with 16 
kilobytes of RAM and the complete Formulator operating 
system, designated FOS. The FOS provides complete 
software development capability, including an 
assembler, editor, and debug package, and drivers for a 
teletype or the TI Silent 733 terminal. 

The third level, the Formulator Mark liFO, is identical to 
the Mark II with the addition of interface cards and 
cables for an iCOM F03712 dual-drive floppy disk system 
and Fairchild 00S4 Floppy Disk Operating System. 

The fourth level, the Formulator Mark III, includes an 
intelligent control panel, a serial communications 
module, a quad 1/0 module, an attractive cabinet, and a 
power supply. Also included are 16K bytes of RAM, the 
Formulator processor module, and the Formulator 
operating system. 

g.g 

F8 and F387X 
Formulator 

Microprocessor Product 

The top of the line is the Formulator Mark IIiFO. This 
system is identical to the Mark III, except it interfaces to 
the iCOM dual-drive floppy disk. 

Three growth packages are available for Mark I, Mark II, 
and Mark III expansion. Growth Package I upgrades the 
Mark I system to the Mark II level. Growth Package II 
converts the Mark II to the full Mark III level. Growth 
Package III upgrades either the Mark II or Mark III to the 
Mark liFO or the Mark IIiFO floppy disk configurations. 

Other boards are available as options for all five 
Formulator configurations to increase the flexibility of 
the units by adding to their capabilities_ These include 
4K-byte RAM, 4K-byte PROM, and 16K-byte RAM boards, 
as well as an 1/0 light board, a communications board 
with UART, a byte-parallel board for peripheral interface, 
and a PROM programmer. 
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Advance Product Inlormation 

Description 

The Fairchild System· I (FS·I) is a versatile, multi·user 
development system designed to support software 
development and hardware prototyping for applications 
using Fairchild microprocessors, including the F8, 
F3870, F6800, F6809, F9445, F16000, and such upcoming 
microprocessors as the F9450. 

Three principal versions of the FS·I are available: The 
FS·I Standard System, the FS·I Multi·User System, and 
the FS·I Entry·Level System. Numerous software and 
hardware options are available that operate under 
Fairchild's Interactive Multi·User Disk Operating System 
(1M DOS). The FS·I also supports the in·circuit emulation 
and tracing (EMUTRAC™) system for the F3870, the 
F6800, F6809, and the F9445 microprocessors. (For a 
description of the EMUTRAC system, see EMUTRAC 
Advance Product /nformation.) 

Standard System 

System features include: 

• CPU with 128K·Byte RAM and F9445 Instruction Set. 
• A Winchester and a Double·Density Floppy Drive 

Provide Approximately 10M·Byte 01 Mass Storage. 
• 1/0 Controller Board Provides Winchester/Floppy Disk 

Controller Interlace. 
• Nine Asynchronous Serial RS·232C Ports (Up to 19.2K 

Baud) Provide Support lor CRT Terminal, Optional 
Letter·Quality Printer, Modem, and Other Serial 
Devices. 

• One Synchronous Serial RS·232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
OOCMP, SOLC, and HOLC. 

• PROM Programmer Port to Interlace to the Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics·Compatible 
Interlace). 

• Programmable Real·Time Clock. 
• One CRT Terminal. 
• Single·User Version 01 1M DOS, System Processors, 

and System Utility Programs (see "System 
Software"). 

• BASIC Language Interpreter with Interlace to Custom 
F9445 Assembly Language Programs. 

• FS·I Diagnostic Programs. 
• Provides Full Support lor the F9445 and lor the 

PEP 45 Microcomputer System. 
• Hardware and Software Upgradable to Multi·User 

System. 
• EMUTRAC Can Be Added to the Standard System. 

™ EMUTAAC is a trademark of Fairchild Camera and Instrument Corp. 
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Fairchild System-I 

Microprocessor Product 

Multi·User System 

System features include: 

• Fully Equipped lor Four Timesharing Users 
(Expandable to Eight Simultaneous Users with 
Additional Terminals and Cables). 

• A 16·Bit CPU with 128K·Byte RAM and F9445 
Instruction Set. 

• A Winchester and a Double·Density Floppy Drive 
Provide Approximately 10M·Byte of Mass Storage. 

• Memory Management and Protection Unit (MMPU) 
Board with 384K Bytes 01 RAM (Gives the System 
512K Words 01 RAM). 

• I/O Controller Board Provides Winchester/Floppy Disk 
Controller Interlace. 

• Nine Asynchronous Serial RS·232C Ports (Up to 19.2K 
Baud) Provide Support lor CRT Terminals, Optional 
Letter·Quality Printer, Modem, and Other Serial 
Devices. 

• One Synchronous Serial RS·232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
ODCMP, SDLC, and HDLC. 

• PROM Programmer Port to Interlace to tlte Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics·Compatible 
Interface). 

• Programmable Real·Time Clock. 
• Four CRT Terminals. 
• Multi·User Version of 1M ~OS, System Processors, 

and System Utility Programs (see "System 
Software"). 9 

• BASIC Language Interpreter with Interface to Custom 
F9445 Assembly Language Programs. 

• FS·I Diagnostic Programs. 
• Provides Full Support lor the F9445 and lor the PEP 

45 Microcomputer System. 
• EMUTRAC Can Easily Be Added to the Multi·User 

System. 

Entry·Level System 

System features include: 

• A 16·Bit CPU with 128K·Byte RAM and F9445 
Instruction Set. 

• Two Double·Density Floppy Disk Drives Provide 
Approximately 1 M·Byte of Mass Storage. 

• 1/0 Controller Board Provides Floppy Disk Controller 
Interface. 

• Nine Asynchronous Serial RS·232C Ports (Up to 19.2K 
Baud) Provide Support for CRT Terminal, Optional 
Letter·Quality Printer, Modem, and Other Serial 
Devices. 



• One Synchronous Serial RS·232C Port (Up to 19.2K 
Baud) and Selectable Protocols, such as BISYNC, 
DDCMP, SDLC, and HDLC. 

• PROM Programmer Port to Interface to the Optional 
Fairchild PROM Programmer Unit. 

• Parallel Printer Port (Centronics·Compatible 
Interface). 

• Programmable Real·Time Clock. 
• One CRT Terminal. 
• Single·User Version of IMDOS, System Processors, 

and System Utility Programs (see "System 
Software"). 

• BASIC Language Interpreter with Interface to Custom 
F9445 Assembly Language Programs. 

• FS·I Diagnostic Programs. 
• Full Support for the F9445 and for the PEP 45 

Microcomputer System. 
• Hardware and Software Factory·Upgradeable to 

Standard or Multi·User System. 
• EMUTRAC and MMPU Can Be Added to System. 

System Hardware 

The hardware comprising the FS·I development system is 
housed in a single enclosure that contains the 
mainframe CPU, 1/0 board, optional boards, and disk 
drives. 

The mainframe consists of: 

• Single·Board 16·Blt CPU with 128K Bytes of RAM, 
4K·Byte PEPBUG45 PROMs for Bootstrapping the 
System, Real·Tlme Clock, an RS·232C·Compatible 
Port, and a Centronics·Paraliel Compatible Port. 

• Power Supplies. 
• 1/0 Controller Board with the Following: 

• Eight Asynchronous Serial RS·232C Ports, with 
Four Ports Having Full Modem Control and All 
Ports Having Data Rate Selectable Up to 19.2K 
Baud, that Allow Timesharing by Up to Eight 
Concurrent Users on Systems Equipped with 
MMPU Board and Multi·User Operating System 
Software. 

• One Synchronous Serial RS·232C Port (Up to 
19.2K Baud) and Selectable Protocols, such as 
BISYNC, DDCMP, SDLC, and HDLC. 

• A Parallel Data Channel Interface Compatible with 
Shugart Associates System Interface for 
Communicating with Disk Units. 

• 8·Blt Parallel Port to Interface with Optional 
Fairchild PROM Programmer. 

• A Total of Nine Asynchronous Serial Ports (RS·232C· 
Compatible, DB25·Pin Female Connectors). 

• One Parallel Printer Port (Centronlcs·Compatible 
Interface, DB25·Pin Connector). 
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• Expansion Slots for Fairchild's Optional 1/0 
Controller Boards, Optional EMUTRAC Controller 
Board, Memory Expansion Boards, MMPU Board, and 
Industry·Standard, Nova~ 1/0·Compatlble Interface 
Boards. 

• Depending Upon System Configuration, the 
Mainframe Contains a Single 10M·Byte Winchester 
and a Single 0.5M·Byte Double·Density Floppy Disk 
Drive or Two 0.5M·Byte Double·Denslty Floppy Disk­
Drives. 

The MMPU board expands the phYSical address space of 
the FS·I to 4M words by performing logical·to·physical 
address translation. This board is required for multi·user 
system software. With its 384K bytes of RAM, the MMPU 
board extends the FS·I memory to 256K words. 

Hardware Options 

The FS·I systems support the following Fairchild· 
supplied hardware options: 

• Additional I/O Controller Boards that Provide 
Asynchronous RS·232C Ports (Up to 19.2K Baud) in 
Sets of Eight, a Synchronous RS·232C Port for each 
I/O Controller Board, Data Channel Interface to Disk 
Units, and a PROM Programmer Port for each I/O 
Controller Board. 

• Fairchild's PROM Programmer Unit. 
• MMPU Board that Provides Memory Mapping and 

Protection Expansion In Increments of 384K Bytes, 
Optional Multi·User Software Allows the MMPU Board 
to Support Eight Simultaneous Users. 

• Memory Expansion Board that Provides 384K Bytes 
of Additional RAM (Requires an MMPU Board In the 
Chassis). 

• EMUTRAC System Controller Board that Provides the 
Hardware Interface Between the CPU Board in the 
FS'I and Processor·Speclflc EMUTRAC Modules. 

• EMUTRAC Modules and EMUTRAC Control Software 
that Support the F3870, the F6800, the F6809, and the 
F9445 Microprocessors. 

• Additional CRT Terminals. 
• Dot Matrix Printer-Texas Instruments Model 810 

Basic RO Terminal (150 CPS), Centronics Parallel 
Interface, and Cable. 

• Daisywheel Letter·Quality Prlnter-Qume Model 
Sprint 9145 with Bidirectional Forms Tractor (45 CPS), 
Serial Interface, and Cable. 

• Nova is a .registered trademark of Data General Corp. 



This powerful software package, which is included with 
the standard, multi-user, and entry-level systems, offers 
advanced capabilities that the user would normally 
expect from a much larger system, such as: 

• Multi-User Timesharing 
• System Executive, Including File Management 

System with Version Numbers for Automatic Backup 
• Memory Management and Protection by Memory 

Mapping 
• Password Protection 
• Interactive Command Language and Command Files 
• Multiple Directory Devices 
• Device-Independent I/O 
• Hard Disk, Magnetic Tape, Modem, and Real-Time 

Clock Support 
• Documentation Aids 
• Concurrent Processing and Spooling 

System Software 

The interactive multi-user disk operating system (IMDOS) 
is the principal operating system for the FS-I. In addition 
to being an operating system, the IMDOS includes the 
following features that are useful for developing 
F9445-based systems: 

IMDOS 

IMDOS 

IMDOS 

EDIT 

MACRO 

RELOAD 

Single-User Supervisor-The 
supervisor manages the FS-I 
resources and controls the 110. 

Multi-User Supervisor-The supervisor 
manages the FS-I resources for up to 
eight simultaneous users, controls 
the 110, and interfaces transparently 
to the MMPU board (included only 
with the multi-user system). 

Executive-The executive provides 
the command language interface 
between the user and the supervisor. 

The EDIT program provides the ability 
to create and modify text files. 

The MACRO program is the 
macroassembler for F9445 macro 
assembly language. 

The RELOAD program is used to link 
relocatable macro assembly language 
programs to create executable F9445 
absolute assembly language 
programs. 

FS·I 

PEPBUG45 

PEPLlNK45 

Utility Library 

PHONE 

SCRIPT 

TYPESET 

DEBUG 

DIAGNOSTICS 

BASIC 
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The PEPBUG45 program is a virtual 
console and debugging tool for F9445 
absolute assembly language 
programs. The PEPBUG45 program is 
also available in PROM. 

Provides capability to download 
programs from the FS-I to PROM or 
RAM on the PEP 45 microcomputer 
system. 

Implements the utility functions listed 
in the IMDOS and utility library users 
guides. 

The PHONE program establishes 
communication between the FS-I and 
a modem or telephone line. Software 
switches govern communication 
protocols. 

TheSCRIPT program processes a text 
file that contains SCRIPT commands 
to produce an aesthetically pleasing 
document. 

The TYPESET program processes a 
text file that contains TYPESET 
commands to produce an 
aesthetically pleasing document. 

The DEBUG program is a debugger • for F9445 macro assembly language 
programs. 

A series of programs that test the 
FS-I hardware. The diagnostic 
programs are available on diskette in 
a version suitable for downloading to 
an F9445-based system. 

Language interpreter with interface to 
custom F9445 assembly language 
programs. 



Software Options 

F9445 
MICRO FORTRAN 

F9445 PASCAL 

FS-I/PEP 38 
System Software 

An extended subset of FORTRAN66 
that interfaces with custom F9445 

. assembly language subroutines. 
MICROFORTRAN produces 
"ROMable" F9445 code and can be 
operated under the real-time 
executive (REX): 

A Jensen and Wirth-compatible 
PASCAL. The F9445 PASCAL 
compiler generates F9445 code and 
interfaces with custom F9445 
assembly language subroutines. 

Includes F8/F3870 cross assembler 
and program for downloading to the 
PEP 38 system. 

FS-I/PEP 68 Includes F6800 cross assembler, 
System Software F6809 cross assembler, F6800-to­

F6809 translator program, and 
program for downloading to the PEP 
68 system. 

F16000 Cross Assembler, debugger, and 
Software down loader allow the FS-I to 

generate 16000 code that can be 
downloaded to an F16000-based 
system. 
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F9445 REX A real-time executive for 
F9445-based systems. The REX 
system allows creation of custom 
REX programs, linkable using 
RELOAD. 

F9445 PEPBASIC A diskette version of PEPBASIC 
(supplied on PROM with the PEP 45 
system). A 2K-word subset of BASIC. 
which accepts abbreviations, that is 
extendable with custom F9445 
assembly language subroutines. 

EMUTRAC Control Optional EMUTRAC control software 
Software packages provide support for each 

processor-specific- EMUTRAC 
module. (Refer to EMUTRAC 
Advance Product Information.) 

In addition, all Fairchild software for the FS,I is 
independently available without system purchase under 
an ilppropriate software license agreement.' 

Dimensions and Power Requirements 

The FS-I standard mainframe enclosure measures only 
26 inches long by 19 inches wide by 13 inches high. It 
requires a 115 V, 60 Hz ac power source. A 50 Hz system 
is also available. 



Advance Product Information 

Description 

The Fairchild PEP-45 is a single-board microcomputer for 
Prototyping, Evaluation, and Programming of microproces­
sor-based system applications using the F9445 micro­
processor. When used with the Fairchild System-I (FS-I) 
development system, the PEP-45 board provides capability 
for executing and debugging software directly on the F9445 
microprocessor. 

• Stand-alone Prototyplng, Evaluation, and Programming 
Board. 

• Provides a Powerful Development Tool to Support F9445 
Microprocessor-based System Development. 

• Utilizes All the Advantages of the F9445 Microprocessor, 
with Its Powerful Instruction Set and High Throughput. 

• Memory Options for Bipolar and NMOS Memorles_ 
• Interfaces with IEEE 796 Standard Bus_ 
• Buffered F9445 bus_ 
• On-board EPROM programmer_ 
• Adapts to 16K or 32K Byte EPROMs or 64K Byte Masked 

ROMs_ 
• Standard- and High-Speed RAM Options. 
• Console Commands. 
• Two Serial I/O Ports_ 
• 16-Blt Parallel Input/Output. 
• Four Interrupt Sources_ 
• Five Status Llnes_ 
• On-board +12 V and +25 V Voltage Converter_ 
• Requires Single +5 V Power Supply. 

The PEP-45 board is primarily intended for use in hardware 
prototyping and software development applications. It may 
also be tied to a host computer, such as the FS-I, for large 
program editing, assemblinglcompiling, and general file 
storage and handling. Cross-assembler software packages 
are available for creating machine-executable programs in 
formatted form. These programs may be down-loaded from 
the host computer system into the PEP-45 board via one of 
the two serial 110 channels. Since the PEP-45 board can 
operate in a transparent fashion, it may be placed in-line 
between the user's in-house terminal and the host compu­
ter, giving the PEP-45 the power of the host. 

Also useful for incoming inspector of F9445 parts and as a 
microcomputer training tool, the PEP-45 interacts with the 
user at the control terminal, with prompts that assist pro­
gramming. The control terminal may be a video terminal, 
printer terminal, or from a microcomputer control console. 
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PEp·45 
Prototyping, Evaluation and 
Programming Board 
Microprocessor Product 

Software Support 

In addition to serving as an efficient stand-alone evaluation 
module, the PEP-45 is designed to operate as a key module 
of the FS-I development system. A PEPLINK utility transpar­
ently couples the FS-I video terminal to the PEP-45 board. 

A powerful PROM-based PEP BUG debugging monitor pro­
vides commands for trouble-shooting assembly language 
programs and for developing and testing peripheral circuits 
and custom interfaces. A PROM-based PEP BASIC language 
allows programming in a high-level language. 

Hardware Specifications 

Microprocessor 
CPU 

Data word size 

Instruction word size 

Address capability 

Console controller 

Memory 
RAM 

ROM 

Expansion 

Input/Output 
Parallel 110 

Serial 110 

Real-Time Clock 

F9445 

16 bits 

16 bits 

128K bytes 

F9470 

8K bytes (4K words) static RAM 
(or optional high-speed RAM) 

Eight sockets for 16K bytes of 
F2716 EPROMs (8K words), or up 
to 32K bytes using F2732 EPROMs 
(16K words), or masked 64K byte 
ROMs using F3564 

External memory in any combina­
tion of RAM or ROM up to 64K 
bytes maximum (in 16-bit-wide 
only) 

Two TTL-compatible, 16-bit 110 
ports (one input, one output) 

Two programmable, asynchronous 
channels, with RS-232 interfaces. 
Each channel is software-select­
able to a baud rate of 110, 300, 
1200,1800,2400, or 4800 baud 

Continuously selectable real-time 
clock interrupts from approxi­
mately 200 !AS to 200 ms 

a 



System Buses 
Dual backplane buses 

1/0 buses 

Connectors 

Ordering Data 

Part Number 

PEP 9445SFX 

PEP9445SXX 

PEP 9445HXX 

PI-An 86-pin asynchronous sys­
tem bus compatible with standard 
Multibus 16-bit slave boards and 
multi-master option 

P2-A 50-pin buffered F9445 bus 
that allows complete expansion of 
processor capabilities and faster 
operating speeds 

J1-A 9-pin RS-232C serial 1/0 
interface for control terminal 

J2-A 9-pin RS-232C second 
serial 1/0 interface for a serial 
printer or a host computer 

P3-A 40-pin applications con­
nector with two parallel 1/0 ports 
(one input and one output), and 
with status and control bits. May 
be used for connection to the 
microcomputer control console or 
to a high-speed parallel printer 
(Centronics-type) 

P1 - An 86-contact, double-sided 
edge connector on 0.156" centers 

P2 - A 5O-contact, double-sided 
edge connector on 0.100" centers 

J1, J2-9-pln, D-type subminia­
ture right-angle connectors 

P3-A 40-pln, Ootype subminIa­
ture right-angle connector 

Product Code 

PEP·45 

Power Supply 
Requlrements1 

Environmental 
Requirements 
Temperature 

Humidity 

Physical Envelope 
Dlmenslons2 

Height 

Length 

Thickness 

Weight 

Note. 

+5 V ±5% at 3.5 A (typ) 

O·C to +50·C 

0% to 90% (noncondensing) 

10.0 (254) 

12.0 (305) 

0.75 (19.05) 

17 oz. (approximately) 

1. Power may be applied to the board either through the card..,dge back­
plane connector or by connection of discrete wires to the board. 

2. All dimensions are in inches and millimeters (in parentheses). 

Fairchild cannot assume responsibility for use of any cir­
cuitry described other than circuitry embodied In a Fairchild 
product. 

Fairchild reserves the right to make changes in the circuitry 
or specifications at any time without notice. 

Description 

A F944516PEP PEP-45 Board with 8K byte PROM sockets populated with PEPBASIC 
and PEPBUG firmware. Firmware carries copywriter notice. Minimum of 
four PROM sockets will not be populated. 

A F944516PEP 

A F944520PEP 

PEP-45 Users Guide, PEPBASIC, and PEPBUG Users Guide supplied. 

PEP-45 Board with 8K byte static MOS and eight PROM sockets not 
populated. 

PEP-45 Users Guide supplied. No firmware Included. 

PEP 9445 Board with 8K byte high speed RAM and PROM sockets not 
populated. 

PEP-45 Users Manual supplied. No firmware or users guides included. 
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Advance Product Information 

Description 

The PEP 68 System is a single·board microcomputer 
specifically designed to aid microprocessor 
hardware/software designers in designing, prototyping, 
and debugging their 6802·,6808·, or 6809·based system. 
A powerful, ROM·based debugging monitor provides 
commands for trouble·shooting machine·language 
programs. Other monitor commands provide for easy 
development and testing of peripheral circuits and 
custom interfaces. The monitor includes a full 
complement of utility routines to make the 
hardware/software/firmware design cycles as easy as 
possible. 

The PEP 68 System is useful as a microcomputer 
training tool. Its friendly interaction with the user at the 
control terminal, through its liberal use of prompting, 
makes procedures easy to learn for the beginner. The 
system can be operated using only a serial display 
terminal and a power supply. 

Since the system possesses two separate bus 
connectors, expansion with external memory or 
peripheral boards is simply a matter of providing a 
backplane connection. Thus, the PEP 68 System can act 
as a bus master in a multicard system. 
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PEP 68 System 
Single-Board Microcomputer 
Development System 
Microprocessor Product 

• Single· Board, Stand·Alone System 
• Processor Options-6S02, 6S0S, or 6S09 
• Asynchronous Multibus· Compatible 
• Auxiliary Synchronous 6S0X Bus 
• Programming Socket for 2716 or 2732 EPROMs 
• SK-Byte System Monitor in ROM 
• 9K Bytes of Static RAM-SK User, 1K System (Write· 

Protectable Segments) 
• Six Sockets for User·Supplied ROMIEPROM (2K, 4K, 

or SK Types) 
• Sixteen Possible Memory Map Configurations 

(Switch-Selectable) 
• Two High-Speed Audio Cassette Tape Interfaces 
• Two Independent Serial 1/0 Channels-RS-232-C 
• Independent Baud Rate Selection-50 Through 

19.2K bps 
• Connector for Parallel Printer (Centronics Type) 
• Six S-Bit Parallel I/O Ports Plus Controls 
• Three Programmable 16·Bit Binary Timers 
• + 5 Volt-Only Operation 

*Multibus is a trademark of Intel Corporation. 

II 



Block Diagram 

Multibus 
Edge 

Connector 

Auxiliary 
Synchronous 

Bus Edge 
Connector 

Hardware Description 

Parallel Printer 
Connector 

(Also for General· 
Purpuse 110) 

The PEP 68 System is a single-board, stand-alone 
microcomputer utilizing either a 6802, 6808, or 6809 
microprocessor as its central processing element. The 
system may be connected to a larger, host computer 
system to utilize that system's file storage, editing, and 
assembling capabilities. Thus, source language 
programs can be created, edited, and assembled on the 
host computer system using PEP-UP cross-assembler 
software packages. The resulting machine-language 
programs can then be downloaded into the PEP 68 
System on-board RAM, executed, and debugged. 

Dual Bus Interfaces 

The PEP 68 System can also serve as the central 
processor in a multi board system with connections to 
peripheral boards accomplished via a bus interface and 
the cardcage backplane. It has two separate bus 
interfaces: one synchronous and one asynchronous. The 
synchronous bus interface includes the system CPU 
signals and allows for expansion using synchronous 
680X peripheral boards. The asynchronous bus interface, 
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CRT Terminal 
Connector 

General Purpose 110 

Secondary Channel 
Connector 

110 Edge 
Connector 

on the other hand, allows for system expansion with 
peripheral boards that use the industry-standard 
Multibus interface. The asynchronous aspect is 
accomplished by stretching the CPU's system clock. 
Both bus interfaces on the PEP 68 System can 
simultaneously connect to external peripheral boards. 
However, the PEP 68 System can be the only master 
central processor board in the system. 

Memory 

The PEP 68 System contains 8K bytes of on-card static 
RAM storage for user application programs. Each 
4K-byte segment can be separately write-protected by 
means of either an on-card switch or by signals at the 
bus edge connector. There are an additional 1 K bytes of 
RAM for use by the board's ROM monitor. A total of six 
ROM or EPROM sockets is provided on-board. Each can 
be jumpered for either 2K, 4K, or 8K-byte devices, i.e., 
many of the various 24-pin ROMs or EPROMs. Normally, 
one or two of these sockets contain the FAIRBUG/68 
monitor ROM, but if desired, they can be used for user 
code instead. 



All on-board memory and I/O address decoding is done 
through the use of a bipolar PROM. This PROM and the 
four DIP switches tied to it allow the user to select one 
of 16 different memory map configurations depending on 
system requirements. This feature is especially useful 
during the program development phase of a project since 
the user's code can be resident in either RAM or EPROM 
and can be relocated with a switch change. 

Serial I/O Channels 

The board contains two serial 1/0 channels. Both 
channels are general-purpose and may be used with any 
serial RS-232-C device. One channel is normally used for 
communication with the user's control terminal; while 
the second channel would normally be used for the 
interface to the host computer system. However, this 
second channel could be used for any serial 1/0 use, 
such as a printer or modem. The RS-232-C interfaces 
generate their own + 12 and -12 volt levels. Thus no 
additional supplies, other than the + 5 Vdc supply, are 
required. 

Each channel has a separate baud-rate clock circuit in 
which the baud-rate is hardware switch-selectable. This 
allows very fast communication with a local command 
terminal on channel 1 and communication with a slower 
speed device such as printer, modem, or phone link on 
channel 2. Allowed baud rates on each channel are 50, 
110,150,300,1200,1800,2400,4800,9600, or 19,200 bps. 

Parallel I/O Ports and Programmable Timers 

The PEP 68 System has six 1/0 ports and associated 
control signals that can be used for general-purpose 
input/output. Four ports are available at the top card 
edge connector, while the remaining 2 are accessible via 
a special plug-in connector. The latter two ports can be 
used optionally for driving a high speed parallel printer 
with a special cable that attaches to the board through 
the plug-in connector. 

The signals and controls associated with the three 
binary timers are accessed via the card edge connector. 
Each of these three software programmable timers is 16 
bits long and can be operated in several different modes, 
including continuous, single-shot, frequency comparison 
or pulse-width comparison modes. 

Audio Cassette Tape Interfaces 

There are provisions on the PEP 68 System for 
connecting two audio cassette tape recorders for storing 
and retrieving user's applications programs. The 
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interfaces are driven by code contained within the 
monitor, thus minimizing the required hardware circuitry. 
The recording format is a self-clocking method that 
allows synchronous data transfers rates of up to 2000 
bits per second. Connections between the recorder and 
the board are made with subminiature phone jacks. 

EPROM Programming Socket 

The PEP 68 System provides a zero-insertion-force 
socket for electrically programming 2716 and 2732 type 
EPROMs; therefore, the user's application programs 
residing in RAM can be preserved by "burning" the code 
into an EPROM. Subsequent execution can be from 
either RAM or EPROM. The programming socket is 
driven by signals from three of the six on-board 1/0 
ports. The monitor provides commands to perform the 
following: blank check tests, copy EPROM contents to 
memory, verify EPROM contents against memory, 
program any portion of EPROM, and masking non-blank 
EPROMs against code in memory. 

Software Description 

• Display or Alter any CPU Register 
• Display or Alter any Memory Location 
• Display a Range of Memory 
• Display the Previous (or next) Location in Memory 
• Rapidly Input Consecutive Data Strings to Memory 
• Find (search for) the Address of the Next Occurrence 

of a Specified Data String 
• Fill a Range of Memory with a Given Data String II 
• Move (Copy) a Block of Memory from One Address • 

Range to Another Address Range 
• Go to an Address and Begin Executing a User 

Program 
• Load a Formatted File from Either Serial Channel 

with an Optional Address Bias (Multiple Formats 
Allowed) 

• Punch/Dump a Formatted File to Either Serial 
Channel with an Optional Address Bias (Multiple 
Formats) 

• Compare Two Memory Ranges for Differences 
• Calculate Checksums Over a Range of Memory 
• Insert a Program "Patch" 
• Disassemble Machine Code into Assembly 

mnemonics 
• Set, Clear, and Display up to 8 Address Breakpoints 
• Remove all Breakpoints Temporarily and Then Be 

Able to Restore Them Intact 
• Continue or Resume Execution" After a Break Occurs 

or After Stopping or Tracing 
• Calculate Relative Branch Offsets and Perform 

Double Precision Hexadecimal Arithmetic 
• Program 2716 or 2732 Type EPROMs 



• 32 User· Definable Functions 
• Examine/Alter 110 Port Bits 
• Single·Step Program Execution Through NN 

Instructions of a Program 
• Step Through Instructions Conditionally Until 

Specified Condition is Met 
• Trace Through NN Instructions Displaying the CPU 

Registers After Each Instruction 
• Trace Through Instructions Displaying CPU Registers 

After Each Occurence Until Specified Condition 
Is Met 

Applications 

Low·Cost Development System 

MODEMI 
ACOUSTIC COUPLER 

OR ANY RS-232-C 
SERIAL DEVICE 

TERMINAL 

More Powerful Development System 

F68 PEP SYSTEM 

PEP 68 

• Transparent Mode Operation for Conversing with a 
Host Computer from the Same Command Terminal 

• Echo Incoming Data from Either of the Serial 
110 Channels to the Parallel Printer Port 

• Echo Monitor Output to Parallel Printer Port for 
Hardcopy of Monitor Output 

• Enter ASCII Strings to Memory 
• Print ASCII Strings from Memory 
• Keyboard Test Mode 

HIGH SPEEO 
PARALLEL PRINTER 

HOST 
COMPUTER 

SYSTEM 

FBB PEP SYSTEM 

USER'S COMMANO 
TERMINAL 

TO ASYNCHRONOUS 
BUS BACKPLANE 

I I. 
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Dedicated Use 

Multi·Bus Card Cage Use 

PEP 68 

2 SERIAL I/O 6 PARALLEL I/O 

CHANNELS ~ I ___ rL-:_-::~~-- PORTS PLUS 

TO ASYNCHRONOUS 
BUS BACKPLANE 

(OPTIONAL) 

I 

~r 3TIMERS 

F68 PEP SYSTEM 
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Hardware Specifications 

Hardware Specifications 

Microprocessor 

CPU 

Data word size 

Instruction word 
size 

Cycle time 

System clock 

Address 
capability 

Memory 

RAM 

ROM 

Expansion 

Input/Output 

Parallel 1/0 

Serial 1/0 

6802, 6808, 6809 

8 bits (1 byte) 

6809: 1-4 bytes 6802/6808: 1-3 bytes 

1.0 P.s 

4,000 MHz 

65,536 bytes 

9K bytes, static 
2114 RAM on-board 

Six sockets for 24·pin ROMs or 
EPROMs. Accepts device types: 
2516, 2716, 2532, 2732, 68316, 68332, 
68364, or 68764 (I.e., anywhere from 
2K to 48K bytes of ROM) 

External memory in any combination 
of RAM or ROM up to 64K bytes 
maximum 

Six TTL-compatible, bidirectional 
8-bit 1/0 ports with two port controls 
each 

Two programmable, asynchronous 
channels with full RS-232-C 
interfaces 

Each channel is double·buffered and 
has independent switch·selectable 
baud rates of 50, 110, 150, 300, 1200, 
1800,2400,4800,9600, or 19,200 bps 

PEP 68 

Timers 

3 Binary Timers 

Interrupts 

Hardware 

Software 
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Three separate 16-bit binary 
counters 

Each independently software 
control able and readable 

Each with external clock and gate 
controls for frequency and pulse· 
width measurements 

Each with a counter output pin 

One non-maskable interrupt line 
available at both system bus edge 
connectors (wired-OR to the Restart 
pushbutton switch for initiating 
manual interrupts) 

One maskable interrupt line for fast 
interrupt response (6809 only) 

One maskable 1/0 interrupt line 

Software interrupts available: 
1 for 6802/6808 
3 for 6809 



System Busses 

Dual Backplane 
Busses 

1/0 Busses 

Connectors 

P1-an 86-pin asynchronous system 
bus compatible with standard 
Multibus slave boards (multi-master 
options not supported) 

P2-a 60-pin synchronous MPU bus 
that allows complete expansion 
capabilities and faster operating 
speeds 

P3-a 60-pin applications bus with 
four parallel 1/0 ports with controls, 
plus three sets of counter controls 
for the three on-board binary timers 

P4-a 25-pin applications connector 
with two parallel 1/0 ports with 
controls; can be used for connection 
with a high-speed parallel printer 
(Centronics type) 

P5-a 9-pin RS-232-C serial 1/0 
interface 

P6-a 9-pin RS-232-C serial 1/0 
interface 

P1-86-contact, double-sided edge 
connector on 0.156" centers 

P2-60-contact, double-sided edge 
connector on 0.100" centers 

P3-60-contact, double-sided edge 
connector on 0.100" centers 

P4-25-pin, subminiature D-type 
right angle connector 

P5, P6-9-pin, subminiature D-type 
right angle connector 
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PEP 68 

Power Supplies 

Requirements 

Environmental 

Temperature 

Humidity 

Physical 
Dimensions2 

Height 

Length 

Thickness 

Weight 

Noles 

+5Vdc ±5% @ 2.5 A (typ) 

+ 25 V de @ 30 mA (typ) (used for 
EPROM programming only) 

o to +50'C 

o to 90% (noncondensing) 

8.0 (203.2) 

12.0 (305) 

0.672 (17.1) 

17 oz. (approximate) 

1. Power can be applied to the board either through the card·edge 
backplane connector, or by connection of discrete wires to the on­
board screw-down terminal strip. 

2. All dimensions in inches bold and millimeters (parentheses) 

II 



Ordering Information 

Order Number Description 

PEP680XCSD PEP 68 Single Board Development IT S"tom 
NN = without cross·assembler 

L.... ___ specifies CPU type 
8 = 6802/6808 CPU or 
9=6809 CPU 

for Intel MDS systems 
(single density floppy disk) 

for Intel MDS systems 
(double density floppy disk) 
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PEP 68 

Relocatable Macro Cross·Assembler Software Packages 
for F6800, F6801, F6802, F6803 Using 
Intel MDS·800 Series Development Systems 

The PEP 68 System is available with cross·assembler 
software packages that allow users of Intel development 
systems to do software development for F6800, F6801, 
F6802, and F6803 CPUs on their own systems. The cross· 
assembler software package is compatible with both the 
Motorola and Fairchild language syntax. Useful features 
similar to those of the 8080/8085 Assembler are included 
to provide systems compatibility. 

The assembler accepts the user's source program as 
input and translates it into machine·executable code. 
Relocatable object modules are linked together into load 
modules and then into execution modules under the 
ISIS-II operating system. Application programs can then 
be downloaded in a formatted form through a serial port 
to the PEP 68 System's on-card memory. Now the 
program can be exercised and debugged using the 
FAIRBUG/68 debug monitor. 

• 680X Cross·Assembler Software Package 
• Intellec 800 and 888 Series II Compatible 
• Full Macro Capability 
• Expanded Relocation Capability 
• Expanded Assembler Directives 
• Comprehensive Conditional Assembly 
• Includes Logical, Comparative, and Expression 

Truncation Operators 



Description 

A single-board microcomputer for program development 
timing, debugging, and emulating the F387X family of 
single-chip microcomputers, the PEP F387X system 
includes an F38E70 EPROM microcomputer programmer, 
an on-board keypad, address and data displays. A 40·pin 
emulation cable is also provided. 

Features 

• Full In-Circuit Emulation of the F3870 and F3872 
Microcomputers 

• On-Card Keypad for Command and Data Entry 
• On-Card 7-Segment Address and Data Displays 
• Programming Sockets for F38E70s and 2716s 
• 2K Bytes of 2114 Static RAM Plus Space for an 

Additional 2K Bytes 
• Space for 6K Bytes of 2716 EPROM 
• 2K-Byte Firmware Monitor 
• Flexible Memory-Map Strapping Options 
• Crystal-Controlled System Clocks 
• Four General-Purpose Programmable Timers 
• Four General-Purpose Interrupt Controls 
• Current-Loop and EIA RS232C Serial 110 
• Spare 8-Bit 110 Port 
• Requires Only + 5 and + 12V Supplies 

9-25 

PEP F387X 
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PEP F387X 
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Several software packages are offered by the 
Microprocessor Division for the system developer. A brief 
description of each one follows. 

F8 Formulator Disk Operating System Version 4.0 (DOS4) 

The Formulator Disk Operating System version 4.0 (DOS4) 
provides the F8 or F387X system developer with a complete 
set of tools for software development including source pro­
gram editor, relocatable assembler, linking loader and in· 
teractive debugger. Also included are many utilities for effi· 
cient use of the floppy disk subsystem and support for a 
number of other standard peripherals. The DOS4 is an im· 
proved and streamlined version of the F8-D03 with added 
capability and greater ease of use. 

FAST Software Debugger 

The FAST software debugger (FSD) is a fast software 
debugging monitor for F8/F387X microcomputer systems 
programs. Its speed and ease of use meet or exceed any 
other method of debugging F8/F387X programs. 

The FSD is designed for use with the Fairchild F387X pro­
gramming, evaluation, and prototyping (PEP) board. It 
replaces the PEPBUB monitor chip provided with the board 
and allows all operations to be performed through a CRT 
terminal rather than through the PEG BUG keypad. It does 
not support parallel paper tape I/O. 

FAIRBUG 

A special Debug ROM 3851A PSU provides the F8 user with 
a convenient and powerful programming debug facility that 
is used in the development of F8 programs. This debugging 
program (FAIR-BUG) provides the user with an interactive 
system via a teletype terminal. The following capabilities 
are provided: 

Display or Alter Memory locations 
Display or Alter Scratch pad Registers 
Display of Alter Accumulator, ISAR, 
Status I.Y'I Register) 
Display or Alter PCO, DCO, DC1 
Load Formatted Paper Tape 
Punch Formatted Paper Tape 
Punch Paper Tape in PROM Format 
Entry from Keyboard or by Program Instruction 
I/O Subroutines available to user 

F8/F3870 PEPBUG 

A special F38T56 PSU with a debug monitor (PEPBUG 38) 
has been developed by Fairchild to provide the user with a 
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Software Packages 

Microprocessor Product 

convenient and powerful programming debug facility to aid 
in the development of F8 or F387X programs. The debugg­
ing program provides the user with an interactive system 
via a teletype terminal or via a 4 x 6 keypad. This is the 
standard debugging aid provided with the PEP 387X 
development board. 

Minicomputer F8/F387X Cross Assembler 

The Fairchild F8/F387X Cross Assembler is deSigned for 
use on any 16-bit word length minicomputer with an ANSI 
FORTRAN IV Compiler. The Cross Assembler is indepen· 
dent of machine character representation and numerical 
representation. Minor alterations may be required to satisfy 
various Computer/Operating System/Peripheral 
Device combinations. 

Installation and modification of this program should be per· 
formed by a programmer who is quite familiar with 
FORTRAN IV and with the hardware and software con· 
figuration of the target computer. Under such cir­
cumstances, installation can probably be completed in one 
or two days. . 

F9445 BASIC Language Package 

The Fairchild BASIC language interpreter for F9445·based 
systems is specifically tailored to high-performance 
microcomputing, providing a powerful, interactive program­
ming language that can be used to solve a wide range of 
application problems. It incorporates extensions of and 
modifications to the BASIC language originally developed 
at Dartmouth College. The Fairchild enhanced BASIC in­
creases the capability and flexibility of the language with a 
complete set of data types, additional statements and func­
tions, comprehensive data management facilities, file 
management an I/O control and multi-dimensional array 
capabilities. Interface to custom F9445 assembly language 
programs is also provided. The BASIC language is fully sup· 
ported by the F9445 Interactive Multi-User Disk Operating 
System (1M DOS), which allows full use of the extensive 
operating features of IMDOS, such as independent I/O and 
the ability to dynamically create, access, and delete files. 

F9445 PEP BASIC Language Package 

The Fairchild PEPBASIC, deSigned to reside in a 2K PROM, 
retains the essential simplicity and computational power of 
BASIC. PEPBASIC provides a unique capability to extend 
and customize programs, either through enhancements 
written by the user in F9445 absolute assembly language. 
Versatile applications like real·time process control, data 
acquisition, or math packages can be created, based on the 
general-purpose facilities available within PEPBASIC. 

II 



F9445 PEPBUG Package 

The Fairchild F9445 PEPBUG package is the interactive en­
try and debugging software for use with the F9445 family of 
microprocessor products. The PEPBUG 45 software 
package creates a versatile and efficient control environ­
ment, enabling the user to enter and test F9445 absolute 
assembly language programs interactively. It is unique 
among the programs offered with the F9445 family in that it 
gives the user control of the microprcessor through a video 
terminal, provides many different capabilities in a single 
stand-alone mini-executive program, and occupies a 
relatively small amount (2 thousand bytes) of memory 
space. 

F9445 PASCAL Language Package 

The Fairchild F9445 PASCAL package is a high-level 
language suited to the development of microcomputer soft­
ware because of its strong and logical control structures 
and its versatility in handling data. Fairchild PASCAL is 
designed to solve complex problems using such modern 
language concepts as variable data types, including 
records, sets, scalars, and others. Interface to custom 
F9445 assembly language subroutines is provided. 

PASCAL offers highly structured techniques for organizing 
and coding programs so that they are easily understood 
and modified, which allows cost-effective software 
development. 

F9445 Instruction Timer 

The Fairchild F9445 Instruction Timer (fIMER45) software 
operates in the F9445-based systems, reporting the time 
needed to execute each class of CPU instruction. It uses 
the I/O terminal device as the standard to measure the 
times and report the results. The timer is most useful for 
detecting the execution speeds in mircroseconds for over 
60 representative instructions, to optimize the design of 
F9445-based systems. It also serves as a diagnostic tool in 
detecting clock drift. 

9-28 

Software Packages 

To time an instruction, a short loop containing the instruc­
tion is executed and its time lapse cOl11pared to a null (no 
instruction) loop, during the transmission of one character. 
The 110 terminal displays the resulting times. The user 
specifies the Baud rate of the I/O device at program 
execution time in reponse to a program prompt. 

F9445 MICRO FORTRAN Language Package 

The Fairchild MICROFORTRAN package is a ligh-Ievel 
language compatible with the F9445 microprocessor based 
family of products, providing a powerful tool for structured 
program development. Subroutines and fUnctions are in­
dependently compiled, and translated into relocatable ob­
ject modules that can be linked in any combination, 
according to commands given at load time. Interface to 
custom F9445 assembly language subroutines is provided. 

F9445 Diagnostics Package 

The basic diagnostic package for the Fairchild F9445 family 
of microprocessor products contains seven programs: a 
memory address test, a memory test, a system exerciser, a 
memory diagostic, and three F9445 instruction set tests. 
These disk-based programs enable the user to identify and 
isolate faults in the CPU, memory, and certain I/O sub­
systems of F9445-based systems. Versions of several of the 
tests also test the Fairchild System-I (FS-I). 

F9445 Interactive Multi-User Disk Operating 
System (IMDOS) . 

The Fairchild F9445 Interactive Multi-User Disk Operating 
System (IMDOS), customized for high-performance 
microcomputer systems, offers extended file management, 
timesharing, device-independent input/output, system pro­
cessors such as MACRO assembler and a utility library. 
F944T PASCAL, F9445 BASIC, and MICRO FORTRAN com­
pilers, are also fully supported. IMDOS is also the principal 
operating system for the Fairchild System-I (FS-I) 
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The multi-chip F8'" microprocessor and single-chip F3870 
MicroMachine'"2 microcomputer have become popular cir­
cuits for control applications. Inexpensive and easy to use, 
their instruction sets and architecture combine to give the 
modern system designer NMOS LSI power and flexibility. 

The architecture of the F8 microprocessor is designed to 
implement I/O-intensive applications. The memory address­
ing registers, the 16-bit program counter, and the data coun­
ters are located in the Program Storage UnitWSU). The PSU, 
as well as the other F8-system peripheral circuits, is driven by 
the Central Processing Unit (CPU) with micro-instructions 
communicated over the five control lines (ROMCo-ROMC4) 
and is synchronized by a Write signal. The unusual partition­
ing of the CPU and PSU chips frees many pins normally 
needed for address bussing foruse as I/O lines and provides 
room for a 64-byte scratch pad memory on the CPU chip. No 
matter how much memory is contained in the system, the 
number of I/O lines remains fixed at 16; therefore, the num­
ber of pins available for useful functions does not diminish as 

TO/FROM 
CPU 

DATA 
BUS 

ROMCo­
ROMC4 

WRITE 

DBDA 

3851 lK )( 8 PSU' 

r 
HOME 

¢ 
¢ 

~ REV 
:i' 20 

l· -. FWD 

_7 

_11 
LINE FEED 

_10 

A Matrix Printer Controller 
Using The F8 and 
F3870 Circuits 

memory size increases. 

The F8 microprocessor can address up to 64K bytes of 
program and data storage. Each peripheral controller can 
easily be implemented as a subroutine within the PSU and, 
depending upon the desired configuration, the required PSU 
can be plugged in to provide a modular, flexible system. 

The F3870 MicoMachine2 is a complete8-bit microcomputer 
on a Single MOS integrated circuit. It features 2048 bytes of 
ROM, 64 bytes of scratchpad RAM, a programmable binary 
timer, 32 bits of I/O, and has a Single +5 V power supply 
requirement. The F3870 can execute the F8 instruction set 
and can easily be interfaced with any microprocessor system 
through the I/O ports by properly defining command, status, 
and data lines, making it a universal controller. 

MATRIX PRINTER CONTROLLER 
A matrix printer controller can be constructed using either 
the F8 microprocessor (Figure 1) or the F3870 microcom-

4.7 k 

"V~ 

2N4401 

= 

TRIAC 
CIRCUITS 

MATRIX 

" V 
PRINTER 

4.7 k --.J TIP 30 

~ I ,: -. } r- ~OO,.} r ~ 24 INB- t- OUT B --. 2 25 7 INC- 9667 t--0UTC 7 -

l" 
~ INO- DARLINGTON - OUT 0 ---;7""-- -

DRIVER 
31 INE- !-OUT E --, 36 IN F- I-0UT F -

37 ING- -OUTG .-

'Other PSUs available are the 3856 (2K x 8 with 1/0) and the 3857 (2K x 8 with address bus). 

Fig. 1 Matrix Printer Controller Using the Fa Microprocessor 
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LOAD BYTE 
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PRINT 
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Ph . 
P1, . 
, 
P16 .. 
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P1, . 

<=> 
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ClEA~ BUFFER 

F3870 
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"1 
[' 3' 

3. ~ 
~ 

~ 20 

2. ~ 

l· '" 

23 

HOME 

REV 

FWD 

"] 
22 

r 
2 LINE FEED 

1 . ,. 

} 
~ 

~ 24 

:r l: 7 

j '" 7 
31 

3. 
37 

4.7 k 

+.~ 

2N4401 

= 

TRIAC 
CIRCUITS 

+5V MATRIX 
PRINTER 

4.7k 

L 
{""- rOO"} r INB- I-OUT B -

INC- 9667 ro"" , -
IND- DARLINGTON 

r OUTD ~ -DRIVER 
INE- rOUT E -

INF- rOUT F -

ING- r OUTG ,-

Fig. 2 Matrix Printer Controller Using the F3870 Microcomputer 

puter (Figure 2). In the F3870-based controller, the following 
com mands are used to perform the control functions: 

CLEAR BUFFER - stores zeroes in the 40-character print 
buffer contained within the scratch pad RAM. 

PRINT - causes the contents of the print buffer to be 
printed. Error status if the head motion is not correct. 

LINE FEED - advances the paper to the next line. 

LOAD BYTE - takes a byte from the data bus and places it 
next in the print buffer. Error status if the buffer is full. 

READ STATUS - places the status on the data bus and 
clears the status byte. The status is held on the bus until the 
command is taken away, at which time the port is cleared 
for reading again. 

In all command sequences, the F3870 microcomputer pre­
sents BiJSY until the command has been performed or until 
status is stable on the data bus. 

The current requirements of the matrix printer solenoids are 
met by a suitable driver, such as the 9667 Darlington driver 
circuit with seven drivers and built-in back-emf suppression 
diodes. The 9667 interfaces directly with the F8 microproces­
sor and F3870 microcomputer ports. 

The line-feed drive solenoid is implemented as a pnp power 
transistor (TIP 30), the base drive of which is supplied directly 
from the I/O port. The HOME phototransistor in the matrix 
printer supplies base current to a simple 2N4401 npn transis­
tor, which saturates, providing the Home signal to the con­
troller. The forward and reverse triac drives are provided 
across 100 n resistors from +5 V (Figure 3). A TTL gate is 
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used to hold the gate current off and provide a low-impe­
dance path to ground. This provides good noise immunity to 
prevent turn-on of either triac by noise. 

SOFTWARE DESIGN 
The matrix printer controller software can easily fit within a 
3851 PSU with 1 K x 8 bits of ROM and 16 I/O lines. 

The timing can be done by software loops without using the 
timer. This is the easiest technique, but suffers from the 
drawback that the whole system is tied up during the printing 
of an entire line. A more sophisticated technique, employed 
in many real-time control systems, is to make each timing 
control event a discrete event entered into a table controlled 
by the real-ti me monitor. 

The software has three entry points: 

The initialization entry point (address H'OOB1'l, which fires 
the reverse triac, turns off the paper-feed solenoid, and 
returns the print head to the home position. 

The line-feed entry pOint (address H'OOCFl, which ener­
gizes the paper-feed solenoid for 30 ms and then turns off 
the solenoid. 

The print entry point (address H'0065'l, which fires the 
forward triac, prints the line of characters, fires the reverse 
triac, and then does a paper feed. 

Access to this software is accomplished by loading the 
registers with the required parameters and executing a "call 
to subroutine immediate" (PI) instruction to the appropriate 
entry pOint. 

The subroutines to control the matrix printer head motion 



'5 V 

100 n 
75451 

MOTOR 
WINDING 

FWD ----t>o-+------­
(FROM CONTROLLER) 

~}--28V.C 
MAC 92·2 

Fig. 3 Forward Triac Interface Circuit 

and printing functions are listed in the appendix. These 
would be used alone in a 3851 PSU with other F8 system 
circuits or as part of an F3870 universal controller. The 
control program for the F3870 microcomputer and its sub­
routines are listed in the appendix. 

FORWARD MOTION CONTROL 
The forward triac is fired by setting bit 1 in output port 5: 

LIS 2 
OUTS 5 

All other bits in port 5 should be cleared so that it is not 
necessary to OR bit 1 to the port. The Home signal is con­
nected to port 5 bit 7 and active High <+5 = Hamel. This makes 
use of the fact that the F8 system input instructions also set 

Segmeni A 

CLR 
LR 
LR 

O,A 
1,A 

the status register. A test for minus then detects when Home 
becomes false: 

INS 
BP 

5 
*-1 

INPUT & SET STATUS 
LOOP UNTIL "HOME" IS FALSE 

However, it must be determined if the forward motion fails for 
some reason. Therefore, the system does not loop indefinit­
ely but, rather, sets up two counters and waits only 1.5 
second, see program segment A. 

PRINT SOLENOID CONTROL 
Once the Home indications goes false, the system fires the 
print solenoids, waits 650 P.s, turns off the solenoids, and 
waits 700 p'S for each of the five columns forming thecharac­
ter, see program segment B. 

PRDR20 INS 
BM 

OS 
BNZ 
OS 
BNZ 
CLR 
OUTS 
LIS 
LR 

!RDR30} 24 P.s x 256 } 
= 5.S ms 

o 
PRDR20 
1 
PRDR20 

1.5 s 

BR 

Segment B 

PRDR30 LM 
OUTS 
II 
INC 
BNZ 
CLR 
OUTS 
II 
INC 
BNZ 
OS 
BNZ 

5 
2 
ERR,A 
EXIT 

4 
186 

*-1 

4 
180 

*-1 
EOC 
PRDR30 

TURN OFF FWD TRIAC 
SET ERROR FLAG 

LOAD FIRING PATTERN 

} Sp.sx70 645 P.s "ON TIME" 
= 630 P.s 

} 698 " "OFF TIME" 

9 p'S x 76 
= 684 P.s 
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REVERSE MOTION CONTROL 
The forward triac is turned off and a 10-ms delay initiated to 
allow sufficient time for the triac to stop conduction (one-half 
cycle is 8.3 msl. The reverse triac is then fired and the 
program loops until Home becomes true. Again, there is 
some error control in the event that something prevents the 
print head from returning to the home position, see program 
segment C. 

LINE FEED CONTROL 
The line-feed solenoid can be turned on for only 30 ms; 
beyond that time, damage may be done to it. Setting bit 7 
turns on the solenoid: 

LI H'80' 
OUTS 4 TURN ON SOLENOID 
LIS 10 

} 
LR 1,A 
OS 0 
BNZ '-1 
DS 1 
BNZ '-4 

30 ms DELAY 

CLR 
OUTS 4 TURN OFF SOLENOID 

CHARACTER SET TABLE 
Accessing tables of data with the F8 microprocessor and 
F3870 MicroMachine 2 microcomputer is easy and efficient. 
The data counter is loaded using the "load dc immediate" 
(DCD instruction. The "add accumulator to data counter" 
(ADC) instruction allows a signed 8-bit value contained in the 
accumulator to be added to the data counter. When the data 

Segment C 

is loaded from the table, the address is incremented by one, 
pointing to the next value in the table. 

The table is organized so that the first bit pattern is addressed 
by pointing to the beginning of the table and adding the 
ASCII character to the data counter five times: 

DCI BIT PAT TABLE ADDRESS 
ADC 

} 
POINTS TO 

ADC THE Nth 
ADC ENTRY IN A 
ADC FIVE-BYTE-
ADC WIDE TABLE 

Since the first 32 ASCII characters are not used in this matrix 
printer, the actual program subtracts 32 from the ASCII 
character before adding it to the data counter five times. 

CONCLUSION 
The F8 instruction set has been shown to be ideal for control 
applications, such as the matrix printer controller described. 
Of particular note are the input/output instructions that set 
status, and the table look-up instructions that allow fast 
access to tables of any length and do not place any con­
straints on the location of tables in memory. 

The F3870 microcomputer has been shown to be ideal for use 
with any microprocessor system as a universal peripheral 
controller. This is accomplished by interfacing through the 
input/output ports, which gives the system designer great 
flexibility in his system configuration. 

CLR 
OUTS 
LIS 
LR 

TURN OFF FWD TRIAC 

DS 
BNZ 
DS 
BNZ 
LIS 
OUTS 
CLR 
LR 
LR 

PRH010 INS 
BP 
DS 
BNZ 
DS 
BNZ 
LIS 
LR 

PRH020 LIS 
LR 
DS 
BNZ 
DS 
BNZ 
CLR 
OUTS 

5 
3 
1,A 
o 
'-1 
1 
'-4 
1 
5 

O,A 
1,A 
5 
PRH020 

} 

~RD010 I 
PRH010 
1 
ERR,A 
3 
1,A 
o 
'-1 

'-4 

5 

I 

10 ms DELAY 

TURN ON REVERSE TRIAC 

CLEAR COUNTERS FOR TIMEOUT DELAY 

1,5 sTIMEOUT 

SET ERROR STATUS 

10 ms DELAY 

TURN OFF REVERSE TRIAC 
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APPENDIX 

FORMULATOR FDOS ASSEMBLER (REV 2.0) 

RS LOC OB-JECT AIIDR LINE SOURCE STATEMENT 

0001 • MATRIX PRIhTER CONTROLLER 
0002 
0003 
0004 
0005 
0006 
0007 
000::: 
000';" 
0010 

0005 0011 
0004 0012 
0003 0013 

001:3 0014 
0004 0015 
OOFB 0016 

0017 
0000 70 001:3 
0001 EO 0019 
0002 Bl 0020 
0003 2:300Bl OOBI 0021 
000':", 55 0022 
0007 54 002.3 

0024 
00,::5 
0026 

000:3 Al 0027 
0009 :34FE 000:3 002:=: 
OOOE: '313C 0048 002':;-
DODD 1-'" --' 0030 
OOOE 914D 005C 00:31 
0010 1:3 00.32 
0011 911:3 002A 00:33 
001:3 1:3 0034 
0014 911E 003:3 0ln5 

00:36 
0037 
00:3'3 

0016 45 00.39 
0017 BO 0040 
001:3 Al 0041 
0019 '2204 0042 
001B Bl 0043 
001C Al 0044 
001D 210:3 0045 
001F 94FC 001C 0046 
0021 70 0047 
0022 BO 004:3 
002:3 55 0049 

0050 
0051 
0052 

0024 Al 005:3 
0025 21FB 0054 
0027 Bl 0055 
002:3 90DF 000:3 0056 

0057 
005:3 
0059 

002A Al 0060 
002B 2204 0061 

--~----

• 
• D. R. HOLLINBECK 
• FAIRCHILD MOS MICROCOMPUTER 
• 
• 
• 
• 
• 

THE UNIVERSAL CONTROLLER CONTROL 
PROGRAM IS GIVEN FIRST WITH THE 
SUBROUTINES AND BIT PATTERN TABLES 
FOLLOI.oJING 

• 
STATUS­
B'/TES 
EOC 

BUFFER 
BUS..,.' 
t-iBUSY 
• 

• 

EOU '5 
EOU 4 
EOU :: 

EOU 0-
EOU B--
EOU B---

HATU-S: BYTE 
NUMBER OF BYTES TO PRINT 
COUNTER FOR END-OF-CHARACTE 

100'-40 START OF BUFFER 
00000100 -- -- BU-S:'/-- BIT 
11111011-- r-mT --BUS""'-" BIT 

CLR CLEAR ACCUMULATOR 
OUTS 0 ALLOW READING OF PORTS 
OUTS 1 (I AND 1. 
PI PRHOME INSURE HEAD IS HOME 
LR STATUS.A CLEAR STATUS 
LR BYTES.A AND BYTE COUNTER 

• READ COMMAND STROBES 
• 
RD'::MD 

• 
• Fi:EAD 
• 

• 

HE 
BZ 
B~1 

SL 
B~1 

SL 
BM 
SL 
Bt'1 

STATUS 

LF.: 
OUTS 
HE 
01 
ours 
HIS 
NI 
BNZ 
'::LR 

i':DC~1D I.o.IAIT FOR '::OMMA~m 

CLF.:BUF TEST BIT 7 
1 
PRINT TEST BIT 6 
1 
LINEFD TEST BIT '5 
1 
LDB'/TE TEST BIT 4 

Cm1~1AND 

A,STATUS GET STATUS FROM SCRATCH PAD 
(I 

1 SET 'BUSY' 
BUSY 
1 
1 
B'00001000' WAIT FOR COMMAND 
.-:3 TO GO AWAY 

CLEAR STATUS AND PORT 
OUTS 0 
LR S:TATUS, A 

• CLEAR BUSY STATUS 
• 
CLRBSY HiS 1 

NI NBUS'/ RESET 'BUSY' 
OUTS 1 
BR RDCMD I,JAIT FOR ANOTHER COMMAND 

• 
• LINE FEED COMMAND 
• 
LINEFD INS SET 'BUSY'-

or BUS'/ 

10·9 
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APPENDIX 

FORMULATOR FDOS ASSEMBLER (REV 2. (I) 

R"~ .::, LOC OBJECT AD DR LItlE SOURCE STATEMEtlT 

002D Bl 0062 OUTS 1 
002E 2:300CF OOCF 0063 PI LFOO '3D DO LINE FEED 
0031 '30F2 0024 0064 BR CLRBSY CLEAR "BUSY" AND I.,JAIT 

0065 • 
0066 • TRANSFER BnE INTO PRINT BUFFER 
0067 • 

003:3 201:3 006>3 LDBnE LI BUFFER POINT TO NE:':T EMPTY 
0035 C4 0069 AS BYTES: BYTE HI BUFFER 
0036 2540 0070 CI 0"100" CHECK: IF BUFFER FULL 
00.3:3 9407 0040 0071 B~IZ LDBYI0 

0072 • 
007:3 • ERROR - SET BUFFER FULL STATUS (BIT 3) 
00'74 • AND ERROR FLAI3 (BIT 7) . 
0075 • 

003A 45 0076 LF.: A. STATU'~: I:;ET STATUS BYTE 
00:3.B 228S 0077 OI B'"1 0001 000" ~:ET ERROR FLAI:;S 
00:3D 55 0078 LR S:TATUS. A 
003E '30E5 0024 0079 BR '::LRBSY 

00:30 • 
0040 OB 00'31 LDBYI0 LR IS.A LOAD IS:AR 
0041 AO 00'32 I ~'I'::: (I GET DATA 
0042 5C 00:33 LR .S:,A STORE ItHO 'SCRATCHPAD 
0043 44 . 00:34 LF.' A.BYTES INCREt1ENT COUNTER 
0044 IF 00:35 INC 
0045 54 00:36 LR B'/TES. A 
0046 90IlD 0024 00:37 BF.' '::LF.'BSY 

OO:3S • 
00:3'3 • ':LEAR PRItH BUFFER cm1MAt'!II 
00'30 • 

004:3 Al 0091 CLRBUF INS 
0049 2204- 0092 or BUS..,.' SET "BUSY'" 
004B Bl 00'33 OUTS 1 
004C 2028 00'34 LI 40 40 B'/TES TO CLEAR 
004E 54 0095 LR BYTES.A 
004F 201:3 0096 LI BUFFER GET nAFHING ADDRESS 
0051 OB 00'37 LF.: IS-A At~D PUT INTO EAR 
0052 70 (1)'3:3 CLRBI0 CLR CLEAR ACCUMULATOR 
0053 5C 00'3'3 LR S,FI STORE 'I"IA EAR 
0054 OA 0100 LR A. IS: INCREMENT ISAR 

f 

0055 IF 0101 me 
0056 OB 0102 LR IS.A 
0057 34 0103 rc BnES 

'. 005:3 '34F9 0052 0104 BNZ CLRBI0 
005A 90C9 0024 0105 BR CLRBS'l' 

0106 • 
0107 • PRINT BUFFER COt1MAND 
010'3 • 

005C Al 0109 PRINT INS 
005D 2204 0110 or BUSY 
005F Bl 0111 OUrS: 1 
0060 2:30065 0065 0112 PI PRDROO 
00';3 90CO 0024 0113 BR CLRB.SY 
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APPENDIX 

FORMULATOR FDoS ASSEMBLER (REV 2.0) 

RS LoC OBJECT ADDR LINE SOURCE STATEMENT 

EJECT 

MATRIX PRINTER DRIVER 
D. R. HoLLINBECK 

0114 
0115 • 
0116 • 
0117 • 
011a • 
011';1 • FAIRCHILD MoS MICROCOMPUTER 

• 
• 

0120 
0121 
0122 
012.3 
0124 
0125 

• MAIN PRINT ENTRY POINT 

0065 oa 
006611 
0067 72 0126 
0068 B5 0127 
0069 10 012a 
006Ft 16 0129 
006B 24EO 0130 
006D 11 0131 
006E 2AOOEO OOEO 01.32 
0071 aE 01.33 

0134 
0135 
01.36 
01T(, 
013':: 
01::;" 
0140 
0141 
0142 

• 
PRDROO 

PRDR10 

0072 aE 
0073 BE 
0074 ;3E 
0075 ;3E 
0076 70 
0077 50 
007a 51 
007'3 75 
(107A 5.3 
(lOlB AS 014.3 F'RDR20 

ooa,:· 0144 
0145 

007B 0146 
0147 

LR 
LR 
i...IS 
OUTS 
LR 
LM 
AI 
L.R 
DCI 
ADC 
-=tD':: 
ADC 
AD,:: 
ADC 
CLR 
LR 
LR 
LIS 
LR 
INS 

H,DC 
2 
5 
DC,H 

·-32 
H,DC 
BITPAT 

I),A 
1, A 
5 

s 

B~1 PRDR30 
D; 0 
BliZ ;:'RDR20 
D~; 1 
BI'iZ PRDR20 
I::LR 
OUTS S 
LR Ft. S:TATIJS 

SAVE RETURN ADDRESS 
SAVE DCO 
FIRE FORWARD TRIAC 

RESTORE LIST POINTER 
GET NEXT CHARACTER TO PRINT 

SA',lE D'::O 
POINTER TO PRINT TABLE 
DCO = DCO + '5 • (ACC) 

THIS GET; ·THE PROPER ENTRY 
IN A FI~E BYTE WIDE TABLE. 

INITIALIZE DELAY COUNTER 
INITIALIZE ERROR CODE 
LOAD NEEDLE FIRING COUNTER 

LOOK AT 'HOME' LED INDICATD 

007C 910F 
007E 30 
007F 94FB 
o oa 1 31 
00;::2 94Fa 
00:34 70 
00:35 B5 
00:36 45 
00.37 22;32 
00:39 55 
OO.3A ';"027 
00;3C 16 
OO'::D B4 
OO'::E 20BA 
0090 1F 
0091 94FE 
00'33 70 
0094 B4 
00:l5 20B4 
00';17 IF 
009;:: 94FE 
009A 3.3 
009B:l4FO 
009D 2074 
009F IF 
OOAO 94FE 
OOA2 .34 
OOA'3 94C5 
OOA5 70 
OOA6 B5 
OOA7 7.3 

007B 014;:: 
0149 
0150 
0151 
0152 
0153 

01 B'10000010' 

00B2 0154 
0155 
0156 
0157 
015:3 

0090 015·:l 
0160 
0161 
0162 
016.3 

0(1":l7 0164 
0165 

ooac 0166 
0167 
016:3 

OO·:lF 0169 
0170 

0069 0171 
0172 
0173 
0174 

PRDR30 

LR 
BR 
LM 
OUTS 
LI 
HK 
BNZ 
CLR 
LJun: 
u 
INC 
BNZ 
DS 
BNZ 
LI 
HK 
BNZ 
DS 
BNZ 
CLR 
OUTS 
LIS 

10·11 

S:TATUS, Ft 
PRH005 

.-1 

.-1 
EOC 
PRDR30 
116 

·-1 
B'lTES 
PRDRI0 

5 
.3 

TURNOFF TRIAC'S AND EXIT 
GET NEEDLE DRIVER BITS 
FIRE DRI\IERS 
bJAIT 650 MICROSEcmms 

RESET NEEDLE DRIVERS 

DELAY 700 MICROSECS 

TEST END-OF-CHARACTER 
GET NEXT BIT PATTERN 
DELAY 1350 MICROSECS 

TEST FOR END-OF-LINE 
GET NEXT BYTE TO PRINT 
TURN OFF FORWARD TRIAC 

DELAY 10 MILLISECS 

II 



APPENDIX 

FORMULATOR FDOS ASSEMBLER (REV 2.0) 

RS LoC OBJECT ADDR LINE SOURCE STATEMENT 

00A8 51 
00A'3 .30 
OOAA 94FE 
OOAC .31 
OOAD 94FB 
OOAF 9002 

OOBI oa 

OOB2 71 
OOB3 B5 
OOB4 70 
OOBS 50 
OOB6 51 
00B7 A5 
o OB'3 :::1 OB 
OOBA 30 
OOBB 94FB 
OOBD .31 
OOBE '34Fa 
oDeD 45 
00(:1 22:31 
00(;3 55 
00C4 ?3 
00C5 51 
00C6 30 
00C7 '34FE 
00C9 .31 
DOCA '34FB 
OOCC 70 
OOCD B5 
OOCE OC 

OOCF oa 
OODO 10 
OODI B5 
00D2 20ao 
00D4 B4 
OOD5 7A 
00D6 51 
OOD7 30 
00D8 '34FE 
OODA 31 
OODB '34FB 
OODD 70 
OODE B4 
OODF oe 

LR I,A 
DS: 0 
BNZ .-1 
DS 1 
BNZ .-4 
BR PRHo05 

0175 
0176 

OOA9 0177 
017a 

OOA'3 017'3 
OOB2 0180 

01'31 • 
0182 • 
01a.3 • 
01:34 • 
01as .• 

INITIALIZATION ENTRY POINT. 
ENTER HERE AT THE START OF THE MAIN PROGRAM 
JUST TO ENSURE THAT THE PRINT HEAD IS HOME. 

01:36 PRHOME 
01:37 • 

LR SAVE RETURN ADDRESS 

018a • ENTER HERE TO RETURN PRINT HEAL HOME 
01:3'3 
01',0 
01'31 
01'32 
01'33 
01',4 
01',5 

00C4 01'3'6 
01'3'7 

OOB7 01'38 
01'3'3 

ODE7 0200 
0201 
0202 
0203 
0204 
020 15 
020';:, 

00C6 0207 
020:3 

00C6 0209 
0210 
0211 
0212 
0213 
0214 
0215 
0216 
0217 
021:3 
021'3 
0220 
0221 
0222 
0223 

00Il7 0224 
0225 

OOD7 0226 
0227 
0228 
022'3 

• 
PRHOOS LIS 

OUTS: :5 
CLR 
LR 
LR 

PRH010 HE 
BF' 

O,A 
1, A 
:5 
?RH020 

IIS 0 
Bi'iZ ?RH010 
D S: 1 
BNZ PRH010 
LR A, S:TATUS. 

FIRE REVERSE TRIAC 

'.,IA I T FOR "HOME" 

01 B'10000001' HEAD DID NOT RETURN HOME 
;:TATU;,A 

PRH020 
LR 
LE 3 DELAY 10 MILLISECS 

• 

LR 1, A 
DS 0 
BNZ .-1 
DS 1 
BNZ .-4 
CLR 
OUTS :5 
P~: 

• LINE FEED ENTRY POINT 
• 
LFOO LR 

CLR 
Dun 
LI 
Dun 
LIS 
LF.: 
DS 
BNZ 
D:S 
BNZ 
CLR 
ours 
PK 

10·12 

5 
1"1"':30' 
4 
10 
1. A 
o 
.-1 
1 
.-4 

4 

TURN OFF 
REV TRIAC 

RETIJRN 

TURN OFF TRIAC'S 

FIRE LINE FEED 

DELAY .30 MILLISECS 

TURN OFF LINE FEED 

RETURN FROM SUBROUTINE 



APPENDIX 

FORMULATOR FDOS ASSEMBLER (REV 2.0) 

RS LOC OBJECT AD DR LINE SOURCE STATEMENT 

OOEO 00 
OOEl 00 
00E2 00 
OOE:3 00 
00E4 00 

OOE5 00 
00E6 00 
00E7 7D 
OOE:3 00 
OOE':;' 00 

OOEA 00 
OOEB 60 
OOEC 00 
OOED 60 
OOEE 00 

OOEF 14 
o OF 0 7F 
o OF 1 14 
00F2 7F 
OOF.3 14 

OOF4 12 
OOF5 2A 
00F6 7F 
OOF7 2A 
o OF:::: 24 

OOF9 62 
OOFA 64 
OOFB oa 
OOFC 1:3 
OOFD 2:3 

OOFE :36 
OOFF 4"'.1 
0100 35 
0101 02 
0102 05 

0103 00 
0104 6:3 
0105 70 
0106 00 
01 07 00 

010e 00 
010"'.1 1 C 
010A 24 
010B 42 
010C 00 

010D 00 
OlOE 42 
010F 24 

0230 
02:31 • 

E,JECT 

0232 • TABLE OF BIT PATTERNS FOR CHARACTER SET. 
02:3.3 + 
0234 BITPAT DC H'OO' 
02:35 DC H" 00" 
02:36 DC H'" oq··· .:: ) 
0237 DC H'" 00'" 
02.3:::: DC W' 00'" 
02~3'3 • 
0240 
0241 
0242 
0243 
0244 
0245 • 
0246 
0247 
024:::: 
024'3 
0250 
0251 • 
0252 
025.3 
0254 
0255 
0256 
0257 • 

025'3 
0260 
0261 
0262 
0263 • 
0264 
0265 
0266 
0267 
02t=.:.::: 
026'3 • 
0270 
0271 
0272 
027.3 
0274 
0275 • 
0276 
0277 
027:3 
0279 
02:::0 
02':: 1 • 
02;32 
02::::3 
0284 
0285 
02:36 
02:::7 * 
02:3:3 
02:39 
02'30 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
liC 
DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
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H'" 00'" 
H'" 00'" 
H 7D" 
H'" 00'" 
H'" 00" 

H'" 00'" 
H' 60'" 
H'" 00 ,,' 
H' 60" 
H'" 00'" 

H'14' 
H' 7F'" 
H'l4' 
H7F' 
H'14 " 

W12" 
H" 2A'" 
W7F' 
H' 2A" 
H' 24" 

H'- t:,2'" 
H 64'" 
H'" 0:::: ,,' 
Wl3' 
H" 2.3'" 

H" .36'" 
H 4',"'­
H" 35'" 
W02" 
H'" os'" 

H'" 00'" 
W6:3'" 
W70'" 
H'" 00'" 
H'" 00'" 

H'" 00'" 
H"'lC'" 
W24" 
W42" 
H'" 00'" 

H'" 00'" 
H" 42" 
W24" 

••••• • 

•• 
•• 

• • 
••••••• 

• • 
••••••• 

• • 
• • 

• • • 
••••••• 
• • • 
• • 

•• • 
•• • 

• 
• •• 

• •• 
•• •• 

• • • 
•• • • 

• • • 

•• • 
••• 

••• 
• • 

• • 

• • 
• • 

(! ) 

(") 

< "') 

( () 

() ) 



APPENDIX 

FIlRMULATDR FDIlS ASSEMBLER (REV 2.0) 

RS LIlC OBJECT ADDR LINE S:OURCE STATEMENT 

0110 lC 0291 DC H'lC' ••• 
0111 00 0292 DC WOO" 

02 ';:! 3 • 
0112 08 0294 DC H/08' • 
0113 2A 02';:!5 DC H'2A' • • • 
0114 lC 0296 DC W'lC' ••• (.} 

0115 2A 02 ';:! 7 DC H'2A' • • • 
0116 08 0298 DC W' 08' • 

02';:!';:! • 
0117 08 0300 DC W' 08' • 
0118 0'3 0301 DC W08" • 
011';:! 7F 0302 DC W'7F' ••••••• (+) 

al1A 08 0.3 0.3 DC W08" • 
011B 08 0304 DC W' 08' • 

0.305 • 
011C 00 0.306 DC H'OO' 
011D OD 0.307 DC H' OD' •• • 
011E OE 0.308 DC H' OE' ••• (, ) 

011F 00 0.309 DC H'OO' 
0120 00 0.310 PC H'" 00" 

0.311 • 
0121 08 0.312 DC W08' • 
0122 08 0.31:3 DC W08' • 
0123 08 0.314 DC r!"08" • (-) 

0124 08 0:315 DC W08" • 
0125 08 0.31E, DC H' 08" • 

031"? • 
0126 00 031 :3 DC W' 00' 
0127 03 031';:! DC W03'" •• 
0128 03 0320 m; H'" 0.3' •• (.) 

012';:! 00 0.321 DC H'" 00'" 
012A 00 0322 DC WOO" 

0.32.3 • 
012B 02 0:324 DC H'" 02"- • 
012C 04 0.325 DC W04" • 
012D 08 0326 DC H'08' • ( ..... ) 

012E 10 0327 DC Wl0" • 
012F 20 0:328 DC H~' 20'" • 

0.329 • 
01.3 0 3E 03.30 DC W.3E' ••••• 
01.31 45 0331 DC H"'45" • • • 
01:32 49 03.32 DC H' 4'3' • • • (0) 
0133 51 0.3.3.3 DC W51" • • • 
0134 .3E 0334 DC W3E" ••••• 

0.335 • 
0135 00 0336 III::: H" 00' 
0136 21 0337 DC W21" • • 
01.37 7F 0.338 DC W7F" ••••••• (1) 

0138 01 0.33';:! DC W01 ' • 
013'3 00 0340 DC H' 00" 

0341 • 
013A 23 0:342 DC H"'2:3'-' • •• 
013B 45 0:343 DC H'45' • • • 
01:3C 4';:! 0.344 DC W'4'3' • • • (2) 
013D 49 0345 DC H'4'3" • • • 
013E 31 0346 DC H'31' •• • 

0347 • 
01:3F 22 0348 DC H"'22'" • • 
0140 41 0:349 DC W41' • • 
0141 49 0350 DC H'49' • • • (.3) 

0142 49 0.351 DC W"49 ' • • • 
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APPENDIX 

FORMULATOR FDDS ASSEMBLER (REV 2.0) 

RS LOC OBJECT AD DR LINE 

0143 ,36 

0144 OC 
0145 14 
0146 24 
0147 7F 
014::: 04 

014'3 72 
014A 51 
014B 51 
o 14C 51 
014D 4E 

o 14E 1 E 
014F 29 
0150 49 
0151 4';' 
0152 46 

0153 40 
0154 47 
0155 4::: 
015':, 50 
0157 6 I) 

015::: :::r:. 
015'3 4'4 
015A 49 
015E: 4';' 
01Se :::6 

o 15D 30 
015E 4'''' 
015F 49 
0160 4A 
0161 3C 

0162 I) (I 

016:: ::6 
0164 ::~, 

I) 165 00 
(1166 0 (I 

0167 00 
016::: 6D 
0169 6E 
o 16A (I (I 

o 16B 00 

016C oe 
o 16D 14 
016E 22 
016F 41 
0170 00 

0171 14 
0172 14 
0173 14 
0174 14 
0175 14 

0'352 
0.;:53 + 
0.354 
(I ~:55 

0:::56 
0357 

I) 3'5'3 • 
0-;:60 
0361 
I) ;:62 
I) 3~,;: 

0364 
03e.5 • 
O:::~,6 

(1 ;:-:,( 

0:::6,:: 
03-:,'3 
0:::7 (I 
0371 • 
0.;:72 
0.;:7::: 
0374 
O~:75 

OJ76 
0:::77 • 
037::: 

03::;:0 
03:: 1 
0:::::2 
0::,:::: • 
03'::4 
0.::::::5 
0.;: ::t. 
03·::7 

0.;:'3 I) 
03;'1 
0.;:'32 
(1 :::'3::: 
(I :::34 

03'36 
03'37 
03'3::: 
03'3'3 
0400 
0401 • 
0402 
040,:: 
O,~04 

0405 
0406 
0407 • 
040::: 
0409 
0410 
0411 
0412 

SOURCE STATEMENT 

DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 

II,:: 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 

DC 
DC 
DC 
DC 
DC 
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H"3;:,'" 

H'" OC", 
W14'" 
H"'24" 
Y 7F'" 
H' 04'" 

H" 72"­
H 51" 
H' 51' 
H"' 51' 
H" 4E' 

H IE' 
'1 2;" 
H 4;" 
H 4';' 
H46 

H' 40'" 
'1'47' 
H" 4::: ,,' 

W50" 
H ':.1)'" 

'1' ::6' 
H 4:;' 
H'4;' 
,j , ~,. 

'1 ::,:, , 

H" 30 ", 
H'4;" 
H ''49 
:14A' 
rl/ ;:C .. ' 

H" 00" 
H' 3~, 
'1 ::""" 
H'" 00'" 
H" 00'" 

H'" 00'" 
H 6D" 
H" ""E" 
H'-" 00'" 
H'-' 00'" 

'1", 0,:: ", 

W14' 
H"1~2'" 

W41' 
H'" 00'" 

W14'" 
W14" 
W14' 
W14' 
'1 14" 

•• •• 
•• 

• • 
•• (4.:-

••••••• 
• 

••• • .. ' .. 
•• • (5) 

•• • 
• ••• 

•••• 
•• • 

.. • • (e.) 

• • • 
• •• 
• 
• ••• 
.... (7) 

• • 
•• .. " .. 
• • • · .. . (':::' · . .. 
•• •• 
... 

• • • 
... .. • <'3) 

• •• ..... 
..... ..... 

•• •• • 
•• • •• 

• 
• • 

• • 
• • 

• • 
• • 
• • 
• • 
• • 

(: ) 

I., ~ .I 

( <> 

(=) 



APPENDIX 

FDRMULATOR FDOS ASSEMBLER (REV 2.0) 

RS LOC OBJECT ADDR LItiE SOURCE STATEMEtiT 

0413 • 
0176 00 0414 DC H' 00' 
0177 41 0415 DC H'41' • • 
0178 22 0416 DC H'22' • • 0) 
0179 14 0417 DC H'14' • • 
0171"1 08 0418 DC H'08' • 

0419 • 
017B 30 0420 DC H'30' •• 
017C 40 0421 DC H' 40" • 
017D 45 0422 DC H"45' • • • <?) 
017E 48 0423 DC H'48' • • 
017F 30 0424 DC H'30' •• 

0425 • 
0180 3E 0426 DC H'3E' ••••• 
0181 41 0427 DC W41' • • 
0182 5D 0428 DC H'SD" • ••• • (,jI) 

0183 55 042'3 DC H'55" • • • • 
0184 3C 0430 DC H" 3C' •••• 

0431 • 
0185 3F 0432 DC W3F' •••••• 
0186 48 0433 DC W48" • • 
0187 48 0434 DC W48" • • (A) 

0188 48 0435 DC n'48' • • 
0189 3F 0436 DC W' 3F' •••••• 

0437 • 
0181"1 7F 0438 DC W7F" ••••••• 
018B 4'3 04.3'3 DC W4',V • • • 
018C 49 0440 DC W49' • • • (B) 

018D 49 0441 DC rl'A9" • • • 
018E 36 0442 DC W36" •• •• 

0443 • 
018F 3E 0444 DC W3E' ••••• 
0190 41 0445 DC WAI ' • • 
0191 41 0446 DC W'41' • • (C) 
0192 41 0447 DC W41' • • 
01 '3:3 22 0448 DC H"'22'-" • • 

0449 • 
01'34 41 0450 DC W41 ' • • 
0195 7F 0451 DC W7F" ••••••• 
01% 41 0452 DC W41" • • (D) 

0197 41 0453 DC W41" • • 
01'38 3E 0454 DC W3E" ••••• 

0455 • 
019'3 7F 0456 DC W7F' ••••••• 
0191"1 49 0457 DC W49" • • • 
019B 49 0458 DC W49' • • • (E) 
01 '3C 49 0459 DC H'4'3' • • • 
01'3D 41 0460 DC rl'41' • • 

0461 • 
019E 7F 0462 DC H'7F' ••••••• 
019F 48 0463 DC WAS' • • 
011"10 48 0464 DC W48" • • (F) 
011"11 48 0465 DC W48' • • 
011"12 40 0466 DC WAO' • 

0467 • 
011"13 3E 0468 DC W'3E' ••••• 
011"14 41 0469 DC H'41' • • 
011"15 41 0470 DC H'41' • • (6) 
011"16 45 0471 DC WA5' • • • 
01A7 47 0472 DC W47' • ••• 

0473 • 
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APPENDIX 

FORMULATOR FDOS ASSEMBLER (RE"I 2.0':-

RS LOC OBJECT AIIDR LINE SOURCE STATEMENT 

01A8 7F 0474 DC W7F' ... _ .. 
01A'3 08 0475 DC W08" • 
01AA 08 0476 DC W' 0:3'" • (H) 
01AB 0:3 0477 DC H" 0:3" • 
01AC 7F 047:3 DC H'"7F''' ••••••• 

047'3 • 
01AD 00 04:30 DC W'OO" 
01AE 41 04:31 DC H"'41'" • • 
OlAF 7F 04:32 DC W7F' ••••••• (I) 

01BO 41 04:3.;:: DC W41'" • • 
01Bl 00 04:34 DC H'" 00'" 

04:::5 • 
01B2 02 04:36 DC H'" 02'" • 
01B.3 01 04:37 DC W 01'" • 
01B4 01 04:3:3 DC W 01 " • U) 
01B5 01 0489 DC H' 01'" • 
01B6 7E 04'30 DC W 7E'" •••••• 

04'31 • 
01B7 7F 04'32 DC H' 7F'" ••••••• 
0lB8 0:3 04'33 DC W 0:3"- • 
01B'3 14 0494 DC WI4" • • (i<) 

01BA 22 0495 DC H"'22'" • • 
OIBB 41 0496 DC W41'" • • 

04'37 • 
01BC 7F 049:3 DC W 7F'" ••••••• 
OIBD 01 04'39 DC W 01'" • 
01BE 01 0500 DC W I) I" • (L) 

01BF 01 0501 DC W 01'" • 
01CO 01 0502 DC H" 01'" • 

050.3 • 
01Cl 7F 0504 DC H' 7F'" ••••••• 
0lC2 20 0505 DC W 20"- • 
01e3 1:3 0506 DC W 1:3 .. ' •• (M) 

01C4 20 0507 DC W'20'" • 
01C5 7F 050::: DC H'7F'" ••••••• 

050'3 • 
01C6 7F 051 (I DC H"7F'" ••••••• 
01C7 10 0511 DC Wl0'" • 
01ca 0:3 0512 DC W·O:::··' • (t.!) 

01 C';; 04 051.3 DC H'" 04" • 
OICA 7F 0514 DC H"'7F/ ••••••• til 0515 • 
01CB 3E 0516 DC H"'3E" ••••• 
01CC 41 0517 DC W41'" • • 
01CD 41 051::: DC W41' • • (0) 

01CE 41 051';; DC W41" • • 
01CF 3E 0520 DC H"'3E" ... -

0521 • 
01DO 7F 0522 DC H"7F" ••••••• 
01Dl 48 0523 DC W'4a" • • 
01D2 4::: 0524 DC H'"4:3'" • • (P) 

01D.3 4:3 0525 DC H"4a" • • 
01D4 :30 0526 DC H···.30 .. ' •• 

0527 • 
01D5 .3E 052a DC H'·.3E·' ••••• 
01D6 41 052':;' DC W41" • • 
01D7 45 0530 DC W45" • • • (G!) 

OlD::! 42 05.31 DC H/42'" • • 
01D'3 3D 05:32 DC H"'3D' •••• • 

0533 • 
OlIiA 7F 0534 DC W'7F" ••••••• 
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APPENDIX 

FORMULATOR FDOS ASSEMBLER (REV 2.0) 

RS Loe OB.JEeT AD DR LINE SOURCE STATEMENT 

01DB 48 05:35 Be H'48' • • 
01DC 4C 0536 DC H"4C' • •• (R) 
01DD 4A 05:37 DC W'4A' • • • 
01DE ·31 0538 DC W31 ' •• • 

053'3 • 
01DF 32 0540 DC H'-' ~::.'" "' ... •• • 
OlEO 4'3 0541 DC W4'3' • • • 
OlEl 4'3 0542 DC H'49' • • • ( s) 
OlE2 4'3 0543 DC H····4Y • • • 
OlE3 26 0544 DC W26' • •• 

0545 • 
01E4 40 0546 DC W40" • 
01E5 40 0547 DC W40" • 
01E6 7F 0548 DC H"7F' ••••••• (T) 

01E7 40 054'3 DC W'40" • 
01E8 40 0550 DC H"40'" • 

0551 • 
01E'3 7E 0552 DC I-! ," 7E'" •••••• 
OlEA 01 0553 DC: W01" .. 
01EB 01 0554 DC H" 01'" • (U) 
01EC 01 0555 DC H'Ol' • 
01ED 7E 055E, DC ri,·'7E.-' •••••• 

0557 • 
01EE 70 055:3 DC H''-70'" .... 
01EF oe 0559 D': H" OC'" •• 
OfFO 03 0560 III:: W03" •• (\,1) 

01Fl oe 0561 DC H'" OC", •• 
01F2 70 0562 DC H"'70" ••• 

0563 • 
01F3 7F 0564 DC W7F' ••••••• 
01F4 02 0565 DC H'" 02"- • 
01F5 OC 0566 DC H" 0(," •• (iJJ) 

01F6 02 0567 DC W02' ' .. 
01F7 7F 0568 DC H"7F" ••••••• 

0569 • 
01F8 6.3 0570 DC W63" •• •• 
01F9 14 0571 DC W14" • • 
01FA OS 0572 DC W' 0:3" • (,..::) 

01FB 14 0573 DC H'14'" • • 
01FC 63 0574 DC W63' •• •• 

0575 • 
01FD 60 0576 DC W60'" •• 
01FE 10 0577 DC Wl0'" • 
01FF OF 057:3 DC W' OF' •••• ("0 

0200 10 057'3 DC W 1 0' • 
0201 60 0580 DC W60' •• 

05:31 • 
0202 43 0582 DC W4.3' • •• 
0203 45 05:33 DC H"4S'" • • • 
0204 4'3 0584 DC W49' • ... • (Z) 
02'05 51 0585 DC W51' • • • 
0206 61 0586 DC W61 ' •• • 

0587 • 
058:3 END 

ERRS 
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The TV channel changer, the volume control adjustment and 
other controls with knob and dial-type readouts are taken for 
granted today, and simplified so that even a child can operate 
them. The present forms are the result of many years of evo­
lution, from "tweeking of the Cat's Whisker" in the early days of 
crystal radio, to the two-handed operation required for separate 
tuning of radio frequency and detector stages in rf receivers, or 
tuning with sliding inductor coils. These all have evolved into 
the systems used today and have undergone considerable 
"human engineering." With the event of fully electronic con­
trolled systems with calculator-type key boards, touch panels, 
remote control, etc., a similar evolution is taking place in tuning 
and display systems. 

The various controls and displays for TV or AM/FM receiver 
tuning, volume, brightness, etc., require either director indirect 
human interface (Figures 1 and 2). They can take many forms, 
from the old familiar knob system with dial readout that is 
controlled by a switch, potentiometer or variable capacitor, to a 
remote control keyboard system or touch-control panel. The 
latter requires electronic control of the major functions such as 

INPUTS 

ON/OFF 
VOLUME 
CHANNEL 
COLOR 
TINT 
CONTRAST 
BRIGHTNESS 
SET TIME 

O ~ DISPLAY FUNCTION 

READOUTS FOR I=-o--- CHANNELS/TIME, ETC. 

PROGRAM TIME AND CHANNEL 
GAMESITELETEXT, ETC. 

Flg.1 Television 

INPUTS 

ON/OFF -
VOLUME -
TUNING -
ETC -

DODD 
DODD 
DODD 
DODD 

Microprocessor-Controlled 
Phase-Locked Loop 
Tuning System 

tuning and time readout. Processing and controlling these 
various functions separately, using hardware, is ineffiCient, 
inflexible and costly. The obvious solution is to incorporate a 
central processing unit within the receiver to process the hu­
man interface controls, determi ne the function to be performed, 
and establish the manner in which the function is accomplished 
(Figure 3>' Since different manufacturers have different receiv­
er requirements, the central processing unit will differ from 
manufacturer to manufacturer, or even model to model. 

The F3870 low-cost one-chip microprocessor with 2K bytes of 
on-board ROM, a 54-bit scratch pad RAM, and 32 bits (four 8-bit 
bytes) of TTL-compatible input/output is an ideal candidate for 
a central processor. The F3870 requires no peripheral devices 
except a crystal and power supplies. Using this processor, the 
type of control operation is programmed into the ROM at the 
factory. With efficient software programming, two or three 
programs could be stored in the ROM so that the receiver 
manufacturer may offer the same chassis with differentfeatures 
and operations. 

INPUTS 

ON/OFF 
TUNING 
BAND/AM/FM 
VOLUME 
BALANCE 
BASS 
TREBLE 
PHONO 
TAPE FUNCTIONS 
PROGRAMMING/TIME FREQ 
TIME 
SET TIME 
SET ALARM/ALARM 

DISPLAY FUNCTION 

[[]]] • 
FREQUENCY/TIME 

... ->----+- AM/FM 
o 0 0 0 TAPE FUNCTIONS 

Fig. 2 Auto RadIo/HI-FI 

I----------------J ETC 

Fig. 3 Receiver with Central Processor 
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The microprocessor may also perform additional functions 
such as D/A conversion for actually controlling the circuits, 
tuning; volume, brightness; color, etc. It could be used as a time 
clock capable of being programmed to switch on the receiver at 
a given, time and channel. The microprocessor may also act as a 
receiver section of a remote control system, ultrasonic or IR, to 
decode the signals for a particular function. However, special­
ized chips are now available that perform the dedicated func­
tions- PLL timing, D/A conversion, etc. - more efficiently than 
microprocessors, and work well under microprocessor com­
mand. 

STANDARDIZED BUS SYSTEMS 
Fairchild adopted a standardized bus system (Figure 4) for 
mic'roprocessor-controlled AM/FM and TV receivers. Using 
this system, AM/FM and TV models, from low end to the top of 

the line, may be built with almost every imaginable feature by 
simply adding the appropriate modular circuit onto the bus 
(Figures 5 and 6). Other circuits will be available shortly-an 8-
channel 6-bit D/A converter, a time clock, and an on-screen 
character generator. Each modular chip will have built-in iden­
tity code, which is something like a chip select but operates on 
data on the data bus. The identity code word is four bits; 
therefore, there are 16 possible combinations, but only 15 are 
available for use since one is reserved for when no chip is 
addressed. 

To address a particular chip on the data bus, the correct IDENT 
code is placed on the data bus and an IDENT clock on the 
control bus. The chip selected is initialized and reset, ready to 
accept data from the data bus. The DATA clock on the control 
bus clocks the information into the selected chip. The number 

MICROPROCESSOR 

KEYBOARD 

0000 
DODD 
DODD 
DODO 

ACKNOWLEDGE 

Flg. 4 Standardized Bus System 

VIDEO 

TTT 

DATA BUS 

CONTROL BUS 

Fig. 5 Microprocessor-Controlled TV with PLL Tuning 
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0000 
0000 
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FCM 6020 
TIME CLOCK CHIP 

7-SEGMENT 
DECODER 

DRIVER 

KEYBOARD 

Fig_ 6 Microprocessor-Controlled AM/FM Radio with PLL Tuning 

of words required to read a chip depends upon the particular 
chip function, and a DATA clock must be generated for each 
word. To disable the chip from the bus, the procedure is 
reversed. The wrong IDENT code is put in the data bus with an 
I DENT clock on the control bus. 

PLL TUNING 
It has long been realized that the ultimate tuning system is the 
phase-locked loop. However, it has not successfully penetrat­
ed the consumer market, until recently, due to its stringent 
requirements -large complex logic, ability to perform at high 
frequencies, system partitioning, and specific system configur­
ation. Simple PLL TV tuning systems accurately tuned to the 
FCC channel assignments; however, local problems such as 
antenna mismatch, IF misalignment, cable TV problems, etc:, 
were often present and required fine tuning or, more accurate­
ly, detuning of the PLL system. Therefore, it was imperative to 
add the fine-tuning capability, inherent in the old turret tuners, 
to the PLL TV tuning system. This complicated the system and 
also required some kind of non-volatile memory for storing the 
fine-tuning information for each channel. 

Another problem in PLL TV tuning was how to control the TV 
receiver, especially in the method of entry from the calculator­
board -whether one or two keys should be used, or an entry 
button, and whether the channel display should indicate which 
key has been depressed or indicate the channel on the screen. 

Now, with the addition of the microprocessor as a central 
control unit, the problems of the PLL TV tuning can be simpli­
fied and the exact application can be determined by the TV or 
AM/FM manufacturer rather than by the semiconductor manu­
facturer. 

BASIC PLL SYSTEMS 
A better, more descriptive name for the PLL would be "fre­
quency, phase-locked loop" (Figure 7) because, for the loop to 
lock, the frequency must be adjusted first, then the phase. 
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The output frequency of the veo (a varactor local oscillator) is 
divided down by the divide-by-n counter and fed into the 
frequency/phase detector where the frequency and phase are 
compared to a reference frequency. The frequency/phase de­
tector output circuit has three modes~open circuit, or sup­
plying a series of pump-up or pump-down pulse charge~ to 
the integrator/amplifier. The output of the integrator/amplifier 
supplies dc feedback control voltage to the veo. When the 
loop is locked and operating at the desired frequency, the two 
frequencies fed into the frequency/phase detector are the same 
and of essentially the same phase. 

Under these conditions, the frequency/phase comparator sup-
plies only sufficient charge to maintain loop lock. When the 
loop is not locked, the two frequencies at the input to the 
frequency/phase comparator differ. The frequency/phase de- 0 
tector supplies a charge of sufficient amplitude and direction to 
the integrator/amplifier to generate a voltage for driving the 
VCO to a frequency that will cause the loop to lock. Therefore, 
the output frequency of the PLL can be written as follows: 

fvcO = n x fREF 

where n is always a whole integer. 

Changing the value of the divide-by-n counter changes the 
frequency. For example, a tuning system for tuning in 25 kHz 
increments requires a reference frequency of 25 kHz. 

Unfortunately, to build a programmable divide-bY-n counterfor 
a PLL system that operates at the local oscillator frequencies of 
FM and TV receivers is impractical. Therefore, an ECL high­
speed prescaler is inserted between the veo and the pro­
grammable divide-by-n counter to reduce the counterfrequen­
cy. A simple fixed prescaler (Figure 8) places too many com­
promises on the PLL designer-long loop lock-up times or 
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Fig. 8 High-Frequency Loop Using Fixed Prescaler 
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restrictions on the timing increments-that generally result in 
too many loop or receiver problems. A superior approach is to 
use a dual-modulus prescaler, i.e., an ECl divider with two 
different divide ratios usually closely related, in a technique 
called "pulse swallowing." 

Pulse Swallowing 
Pulse swallowing is a technique that combines the talent of a 
very fast, but dumb, ECl prescaler with that of a low speed, but 
very smart, counter. The best way to explain it is to divert, for the 
moment, from the field of electronics and enter the world of 
masonry. Suppose a universal brick were required for building 
walls of any length, within one inch, without breaking the brick. 
One way to do this would be to make one brick 10 inches long 
and another 11 inches. Using combinations of these two sizes 
01 bricks, walls ohny length (over 100") may be built(Figure9). 

Back to electronics-the dual-modulus prescaler (Figure 10) is 
similar to the two different brick lengths. By controlling the 
du.al-modulus prescaler appropriately, the incoming clock fre­
quency pulses can be counted in two different "block lengths" 
(Figure 11l. For high-frequency applications, pulse swallowing 
combines the advantages ot.-both the straightforward method 
(Figure 7l and the fixed modulus prescaler (Figure 8l. It allows 
the highest possible reference frequency fREF and vastly re­
duces the speed requirement of a programmable divide-by-n 
counter. The dual-modulus prescaler, when operating, appears 
to swallow pulses when changing between the two divide ratios 
of the prescaler.....,.thus the name, "pulse swallowing." 

To keep track of how many times the prescaler operates in one 
of its two modes (usually the higher), an extra counter, called a 
swallow counter, is added to the system. The swallow counter 
has only a small total divide ratio compared to that of the 
program counter. It differs from the program counter in that its 
Terminal-Count output is connected back to a Stop input and 
operates like a one-shot. This is called a dead-ended counter 
because it stops after reaching terminal count. 
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The operation of the system for a total divide-by-n cycle is as 
follows. When the program counter reaches terminal count, it 
parallel loads both itself and the swallow counter with the 
desired divide ratios. The Terminal-Count output of the swal­
low counter, which is also the prescaler Mode-Control input, 
then goes HIGH and both counters begin to count. Since the 
swallow counter is smaller, it reaches terminal count first and 
stops, causing the Mode-Control input to the prescaler to go 
lOW, changing the prescaler modulus. The program counter 
continues until reaching terminal count and the divide-by-n 
sequence is repeated. Therefore the program counter performs 
the coarse, or rough, tuning while the swallow counter handles 
the fine tuning. 

THE FAIRCHILD MICROPROCESSOR CONTROLLED 
PLL TUNING SYSTEM 
The Fairchild FEX2500 Pll circuit is made using CMOS metal­
gate technology and is packaged in a 28-pin DIP, either plastic 
or ceramic.The primary features are: 

• Microprocessor addressable 
• Data-holding registers independent of input data, 

once addressed 
• Operates to 4 MHz 
• Operates to 1 GHz with appropriate prescaler 
• Fine tuning capability-1 kHz AM band, 25 kHz FM band, 

62.5 kHz TV 
• Complete digital portion of Pll tuning system 
• On-board oscillator circuit for reference frequency 
• 4 MHz, 2 MHz and 1 MHz outputs that may be used for 

clock input to microprocessor or other circuits 
• Unique data-bus chip select system 
• Choice of 1 kHz, 5 kHz, 7.8125 kHz or 25 kHz reference 

frequency 
• Phase comparator incorporates patented anti-backlash 

circuit to reduce random FM modulation of the Veo 
• Out-of-Iock output indicates out-of-Iock condition of loop 
• Dual ratio program and swallow counters for extended loop 

frequency range 
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Fig. 11 Different "Block Lengths" 

The FEX2500 contains all the essential digital components of 
an advanced Pll tuning system, requiring only an external 
tuner, integrator and a crystal to complete the entire loop. 

The Pll loop operates from 100 kHz to 4 MHz directly, andto 1 
GHz with the addition of an ECl prescaler. The system has fine 
tuning increments of 1 kHz for the AM band, 25 kHz for the FM 
band, and 62.5 kHz for TV and can be set lower with loop 
compromises. The user hasa choice of 1 kHz,5 kHz, 7.8125 kHz 
or 25 kHz reference frequencies when used with a 4 MHz 
reference crystal. Once addressed to the desired tuning fre­
quency, the Pll circuit can be operated independently of the 
microprocessor, since the Pll contains the necessary holding 
registers for data. To accommodate the 4 MHz input operating 
frequency and low propagation delays, it uses two power sup­
plies, +12 V and 5 V. The +5 V supply is required to make the 
input and output circuits compatible with other +5 V logic 
circuits. Figure 12 shows the complete block diagram contain­
ing both the program counter and swallow counter as well as a 
phase comparator, crystal oscillator, reference frequency di­
vider, four 4-bit registers to store tuning information, plus 
additional circuits. 
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Programs and Swallow Counters 

The Clock input for the program and swallow counters can be , 
Clock Inputs II 
selected for either a differential input or a single-ended input by 
using an Input Select pin (IS), For TV or FM radio applications, 
the differential input mode is generally used. The Pll differen-
tial inputs are connected directly to the differential outputs of 
an ECl prescaler. This considerably reduces the amount of 
radiated digital-interference noise. Single-ended mode is in­
tended for AM radio applications without the use of a prescaler. 
In AM/FM radio, the local oscillator is connected to the single­
ended input while the differential inputs are connected to the 
ECl prescaler that derives input from the FM local oscillator. 
loop change from AM to FM is accomplished with the IS 
control. The maximum frequency on both inputs is 4 MHz. 

Counter Configurations 
The counter has a total bit length of 16 bits, is sub-divided into 
two sections-a program counter and a swallow counter, and 
has two selectable configurations: 13 bits program/3 bits swal­
low or 11 bits program/5 bits swallow. Counter-configuration 
control determines which bit lengths are selected according to 
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different divide ratios required in various applications. The 
maximum possible divide ratios are: 

MODE PROGRAM SWALLOW 

13/3 213 = 8192 23 = 8 

11/5 211 =2048 25 = 32 

Both counters are down types; therefore, the divide ratio is the 
same as that of the binary load value. The load values for 
frequency or channel allocation are obtained from the micro­
processor. Binary counters, rather than decimal counters, sim­
plify chip design and minimize software programming prob­
lems on the microprocessor. For low-frequency operation be­
low 4 MHz, the swallow counter is not used and it is immaterial 
what data values are loaded into it. Figure 13 shows the data 
loading format. 

Frequency/Phase Comparator 
The frequency/phase comparator has a number of unique 
features, an anti-backlash circuit, an out-of-Iock detector and 

an output disable circuit. The actual frequency/phase compar­
ator is the standard digital type that locks onto the negative 
edges of the two waveforms, one from the program counter and 
the other from the reference-frequency divider (Figure 141. It 
can only lock onto the correct frequency with no output of the 
comparator at multiples of either of the two frequencies. 

Anti-Backlash Circuit 
The anti-backlash circuit eliminates the dead-zone problems 
due to propagation delays in other digital frequency/phase 
comparators. A narrow pulse (~ 200 nsl is injected into the 
pump-down circuit to cause a loop error. The loop responds by 
making another pulse of equal and oppOSite magnitude to 
cancel out the error (Figure 151. Both pulses are arranged to be 
closely related in time so they can be easily filtered out by small 
filter capacitors. Therefore the net charge fed to the integrator 
by these pulses is zero. However, the injection of these pulses 
causes a slight phase error that operates the frequency-phase 
comparator outside the dead zone. The addition of this circuit 
considerably enhances the spectral output of the veo, elimi­
nating random low-frequency modulation caused by phase­
comparator "hunting" in standard comparators. 

HEXADECIMAL INPUT DATA REGISTERS WXYZ 

CDUNTER CONFIGURATION 

3 BITS SWALLOW I cc = PIN 20 "HIGH" 
13 BITS PROGRAM 

COUNTER CONFIGURATION 

5 BITS SWALLOW I CC" PIN 20 "LOW" 
11 BITS PROGRAM 

~ __________ --JA, ____________ ~ 

SWALLDW + PRDGRAM PRDGRAM PRDGRAM PRDGRAM ...------... ...------... ...------... ...------... 
SWALLDW 
CDUNTER PROGRAM COUNTER ~ r~--____________ ~A,-______________ ~, 

I ++ER:W I I ++ER> I 
MSB LSB Msa LSB 

+ + + + ++++ ++++ + + ++ 

HEXADECIMAL INPUT DATA REGISTERS WXYZ 

r~'--------------~'----------~~ 
SWALLOW SWALLOW + PROGRAM PROGRAM PROGRAM ...------... ...------... ...------... ~ 

SWALLOW 
COUNTER PROGRAM COUNTER 

,.-"'---., , ___ ----------J"---------. 

1++R:wl I ++R:X I I ++R> I 
MSB LSB MSB LSB 

+ + + + + + + + + + + + + + + + 

Fig. 13 Bit Coordination Between Input Registers and Loop Counters 
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Fig. 14 Output Waveforms from Frequency/Phase Comparator 

I" REF FREQ PERIOD. -, 

LOOP RESULTANT CORRECTION PULSE 

~ -----
~INJECTED~ 

ERROR 
PULSE 

Fig. 15 Output of Frequency/Phase Detector 

with Anti-Backlash Circuit 

Out-ol-Lock Detector (Figure 16) 
This circuit is used to detect an out-of-Iock condition, due to 
either a malfunction or a channel change. The indicator is also 
useful during initial loop set-up and test. It can also be used to 
mute the audio during channel changes, or itcan be connected 
to an LED display for indication of loop malfunction. 

In operation, a window signal is decoded off the reference­
frequency divider chain (Figure 171. When the loop is locked, 
the negative edge of the output waveform hom the divide-by-n 
counter rests in the middle of the window. If it strays outside the 
window for two period reference cycles, a latch is set and an 
out-of-Iock condition is indicated. 

Output Circuit 
The output circuit is designed to provide three output modes 
(Figure 18) -current sourcing (pump-up), current sinking 
(pump-down) or high impedance (open circuit). 

When the loop is locked, the output circuit is in the, high­
impedance state, except during the positive and negative anti­
backlash pulse injection mentioned previously. 

Output Disable 
This control can be used to hold the loop on frequency while 
new frequency information is being loaded into the PLL regis­
ters. When the output is disabled, the output from the frequency 
phase comparator is in the high impedance state. When a 
frequency change is initiated, new data is fed, relatively slowly, 
into the four registers, WXYZ. During the loading of each 
register, the loop responds to the new data causing erroneous 
loop responses, unless the comparator output is disabled. 

When this output is disabled, the integrator tends to remember 
the last charge level, thus keeping the loop on or about 
frequency. 
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800 ns 
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DIGITAL 
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Fig. 16 Out-ol-Lock Circuit 

OL 

Relerence Frequency Divider and Oscillator Circuits 
The oscillator circuit consists of two high-gain CMOS inverter 
circuits in series plus the external components-crystal, trim­
mer capacitor. resistor-connected between the input and 
output of the inverters. 

The reference frequency divider circuit is a straightforward 
counter with various outputs-4 MHz, 2 MHz and 1 MHz 
-which may be used for the microprocessor clock. The refer­
ence frequencies of 1 kHz, 5 kHz, 7.8125 kHz and 25 kHz are 
tapped off the divider chain through a 4-input multiplexer, that 
selects the reference frequency. 

Chip-Identity Circuit 
When the IDENT code (PLL Chip 0110) is present on the Data 
Bus input and an IDENT clock is generated, the scan counter is 
initialized. Data can now be entered into the first register W via 
the DATA clock. which then clocks the scan counter so the 
second register X is ready to accept data. This is repeated until 
the remainder of the registers are loaded. Data can be repeat­
edly loaded into the registers using the DATA clock, but care 
must be exercised to keep track of which register is receiving 
data. To disable the Data Bus input to the PLL chip, a wrong 
IDENT code is put into the data bus and an IDENTclock gener­
ated. The IDENT code circuit may be disabled by leaving the ID 
Enable input HIGH. 

Data Input Terminal 
Figure 13 shows the input data format for registers W X Y Z in 
both configurations of the counters. 

The generation of the input data for operating a PLL at given 
frequencies is worked. out from the equation in Figure 10. The 
following example shows the procedure for establishing the 
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Fig. 19 Prescalers 

values and will help clarify the operation of the pulse swallow­
ing system. 

Receiver -FM 88.1 to 107.9 MHz 
IF 10.7 MHz 

PLL Setup for 4 MHz Crystal Reference 
25 kHz Reference Frequency 

1. LOW Frequency = Receiver + IF 
= 88.1 + 10.7 
= 98.8 MHz 

2. Total Divide-by-n = LOW Frequencyof- Reference 
= 98.8 of- 25 kHz 
= 3952 

3. To find PLL loading data: 

Program Counter = PC 
Swallow Counter = SW 

a. Find PC divide ratio (Coarse Tuning) 

"Divide-by-n" divided by prescaler lower ratio 

3952 of- 31 = 127.48387 

10·27 

The integer part of the number is the PC load divide ratio 

:. PC = 127 

b. Find SW divide ratio (Fine Tuning) 

Take the integer number from above and multiply bY",. 
prescaler lower ratio: .. 

127 x 31 = 3939 

Subtract this number from Divide-by-n: 

3952 - 3937 = 15 

:. SW = 15 

This is the number of times the prescaler operates in the 
divide-by-32 mode. It is not necessary to work out subse­
quent frequencies in the range, but merely increment the 
values by the required amount. These numbers then have to 
be translated first into binary, then into hexadecimal data 
to fit the data loading format shown in Figure 13. 

PRE SCALERS (Figure 19) 
Two prescalers have been specially designed to operate with 
the FEX2500 PLL chip: 11C79 divide-by 31/32 (200 MHz) and 
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11 C82 divide-by 248/2511 GHz). Other prescalers are available 
with a decrease in digital noise performance: 11 C90 divide-by 
10/11 1600 MHz) and 11C91 divide-by 5/61600 MHz)' 

The maximum operating frequency of PLL system is limited by 
the 4 MHz maximum frequency of PLL FEX2500. 

Example using 11 COO divide-by 10/11: 

= 4 MHz x 10 = 40 MHz 

AM/FM APPLICATIONS 
Figure 20 shows an advanced AM/FM radio with a single chip 
F3870 microprocessor and keyboard with an LED display read­
out. It has manual or automatic search tuning and storage for a 
number of stations. It can tune on AM to 1 kHz increments and 
FM to 25 kHz. 

With the integrator circuit, the undesirable reference frequency 
modulation of the VCO frequency is: 

FM = better than 50 dB at 25 kHz 
AM = better than 45 dB at 1 kHz 
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One exciting area for a PLL tuning system is a home AM/FM 
radio with short-wave bands. Low-cost short-wave receivers to 
date are generally difficult to tune but with the precise tuning of 
a PLL tuning circuit, this would change. 

If the radio had memory storage for a number of short-wave 
stations, people living in different lands could program in a 
station from their own country. Most foreign countries radiate 
the same program material on a number of frequencies. Due to 
periodic sunspot activity, some frequencies are better than 
others; thus it is necessary to store a number of short-wave 
frequencies. Also, because of the ease of tuning, the short-wave 
broadcast bands could become acceptable for normal broad­
cast frequencies. 

HISTORICAL NOTE ON PULSE SWALLOWING 
The pulse swallowing technique makes the whole PLL tuning 
system commercially feasible and acceptable in performance. 
It was the idea, or.invention, of John Nichols in about 1968-69 
time period when he worked for Fairchild. The work was done 
initially for 360-channel aircraft radio/transmitters. It was not 
until many years later that his brilliant idea became widely 
known. 





Microprocessor-Based Solar Controller 

Energy is being consumed today in greater quantities than 
ever; at the same time, yesterday's seemingly unlimited 
resources are now seen to be quite finlte. As a result, 
energy conservation has assumed a new importance, and 
the search for alternative energy sources has begun in 
earnest. One of the more promising possibilities is harnes­
sing the sun as a direct source of heat. 

The solar heating systems now being installed in homes, 
apartment complexes, and businesses contain heat collec­
ting and storing devices from which resources are drawn 
during non- and low-sunlight periods. Although there are 
many types of such systems, the most common circulate 
water or some other liquid through solar heating panels, or 
collectors, during the day and store the heated fluid in 
tanks. When required, this fluid is pumped through radiators 
or radiant coils to provide area heating. To maintain comfort 
and make the best use of the available energy, the user 
must continuously monitor the temperature of every area to 
be heated, as well as the temperatures of the collectors and 
the storage tanks. Valves must then be opened or closed 
and pumps turned on or off to maintain the desired relation­
ship among the system components. A computerized ener­
gy management system, or solar controller, can perform all 
of the monitor and control functions with optimum efficiency. 

A microprocessor-based solar controller designed by Fair­
child for Rho Sigma, Inc., a major manufacturer of solar 
controls, is specifically intended to accept the low voltages 
produced by thermistor temperature sensors, process and 
display the data, and provide outputs for relay and switch 
opening and closing. The solar controller contains a single­
board F8™ microprocessor, two input and two output cards, 
an AID converter control card, a display control card, two 
4K EPROM program storage cards, and a 1 K RAM and 
memory address card (figure 1). 

Also included in the unit are an AID converter, a 5-digit LED 
display, and a 16-key keyboard. The display automatically 
sequences through all input channels, displaying the num­
ber and temperature of each channel for one second before 
cycling to the next. The keyboard can be used to halt this 
sequencing and either make the display continuously moni­
tor only one channel or convert it to a clock-only display 
that shows time of day. 
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Microprocessor-Based 
Solar Controller 

Controller Operation 

The microprocessor is programmed to solve a set of logicl 
arithmetic equations. These equations are contained in the 
EPROM program storage, with the associated constants be­
ing held in the 1 K RAM. The keyboard can be used to 
change a number of the equation constants, permitting 
system changes to be made without hardware modification. 

In normal operation, the AID converter receives analog tem­
perature information from as many as 16 thermistors and 
presents the converted data to the microprocessor. Digital 
data, such as that produced by switch closures and teletype 
signals, can be presented directly to the microprocessor 
through the 16 digital inputs of the input cards. These data 
are used to solve the system functional equations and pro­
duce two types of microprocessor outputs. 

In the channel-monitor modes, temperature information is 
output to the display in degrees Fahrenheit or CelSius, 
depending upon resident program. In the time-display 
mode, a timekeeping routine program assumes control of 
the display circuitry and the temperature information is not 
provided. 

The other microprocessor output consists of control signals 
that are suitable for opening and closing relays and activat­
ing solid state switches. These signals perform such func­
tions as turning on pumps and opening valves to let water 
run into the storage tank or circulate through radiators. 

Since program storage is in ROM, power failure does not 
cause catastrophic loss of memory. When power is restor­
ed, a resetting sequence begins, with the controller ensur-
ing that all valves and controls are turned off so that stored II 
energy is not lost. The controller then cycles through all of • 
the inputs, decides what the system operating conditions 
should be, and generates the necessary output signals. This 
analysis takes approximately five seconds. To indicate to 
the user that power has been off, the display flashes until 
manually reset. 

Originally designed for use in solar heating applications, the 
intelligent microprocessor-based controller is applicable to 
any system in which the ability to deal with multiple sensor 
inputs and generate control outputs is required. 



Fig. 1 Solar Controller Functional Block Diagram 
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Section 11 
Microprocessor Resource 

and Training Centers 

Microprocessor Resource Center 

The Microprocessor Resource Center (MRC) organization 
was created to serve as yet another, technically oriented, 
Fairchild customer link to a world·wide support structure 
that is concerned with all phases of the customer's require· 
ments. 

Every MRC is available to assist the customer in microproc· 
essor hardware and software development and application 
engineering, product definition, and long·term product 
strategies. Backed by Fairchild's expertise and extensive 
resources, the MRC is a tool for solving current problems 
and planning for future needs. 

At each Center is a microprocessor expert who is equally 
familiar with standard devices and those Fairchild state·of· 
the·art products that are on the leading edge of technology. 
Because they understand the microprocessor market and 
development trends, these experts provide technical support 
and planning assistance that can benefit the customer 
through timely and cost·effective system design and 
implementation. 

As an added convenience, all Microprocessor Division devel· 
opment systems can be demonstrated at the MRCs. This 
affords the customer an opportunity to assess the perform· 
ance and applicability of products in an operational· type 
environment. 

Training on Fairchild's microprocessor products is available 
at either the customer or MRC location. This training, which 
is coordinated by the MRC manager, is performed in con· 
junction with the Microprocessor Division Education Center. 

Microprocessor Education Center 

Education plays a key role in the technical support of a 
microprocessor user. It is essential to a full understanding 
of the complexities, capabilities, and applications of 
modern processor products, and is therefore treated as an 
important component of the Fairchild Microprocessor 
Division customer support structure. 

The most recent advances in microprocessor technology 
are included in the Fairchild Microprocessor Eduction 
Center courses, which feature a maximum amount of 
hands·on experience. Indeed, the major thrust of the 
training courses is to focus on the general techniques of 
microprocessor usage. This emphasis, it is felt, best pre· 
pares the student to apply the available design and develop· 
ment tools to specific applications in an efficient manner. 
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The following Education Center course offerings are 
included. 

• F8 and F3870 Microprocessor Systems 
Intended to introduce the student to the Fairchild F8 and 
F3870 microprocessor systems, this course provides 
basic knowledge of F8 and F3870 hardware, software, 
applications, and development aids. Included are labora· 
tory sessions in which the student applies that knowl· 
edge in practical situations. Among the areas covered 
are device features and architecture, use of the various 
registers, machine and assembly language syntax, pro­
gram writing and debugging, and hands-on use of the 
PEP387X and Formulator systems. 

• F6800 Microprocessor Family 
This course provides the student basic knowledge of 
Fairchild F6800 8·bit microprocessor family hardware, 
software, applications, and development aids. Included 
are laboratory sessions in which the student applies that 
knowledge in practical situations. Among the areas cov· 
ered are device features and architecture, register organ· 
ization and use, system configurations, program writing 
and debugging, and hands·on use of the various training 
and development aids. 

• F9445 Family Introduction 
This course is an overview of the Fairchild F9445 16·bit 
microprocessor and its supporting circuits. Consisting of 
both lecture and laboratory sessions, with emphasis on 
hands·on experience, the course covers such areas as 
F9445 CPU and system timing, software, device features 
and architecture, and use of the FS·I and EMUTRAC 
development aids. 

• F16000 Family Introduction 
IntroduCing the student to the Fairchild F16000 16·bit 
microprocessor family, this course is an overview that III 
consists of both lecture and laboratory sessions. Empha· 
sizing hands·on experience in the laboratory, the course 
covers such areas as device features and architecture, 
CPU and system timing, principles of memory manage· 
ment and virtual memory, floating point arithmetiC, and 
familiarization with design aids. 

• FS·I Development System 
This course introduces the student to the Fairchild 
System·1 (FS·I) development system, emphasizing hands· 
on experience. Included is coverage of operating system 
usage, utility software usage, high·level languages and 
their associated compilers and interpreters, and the 
EMUTRAC emulation and tracking system. 



• Microprocessor Control and Interface 
This course is intended to introduce the student to the 
principles and techniques of microprocessor control and 
interfacing. Opportunity is provided for hands-on experi­
mentation with a mini-development system. Included in 
the course are a review of microprocessor fundamentals, 
transducer types and applicability, conversion tech­
niques, and parallel and serial formats . 

• Pascal for Microprocessors 
An introduction to the high-level Pascal language, this 
course teaches the student the skills required to produce 
software in Pascal for many practical applications, in­
cluding real-time computing, scientific and engineering­
type problem solving, and data processing. 
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Oeltzenstrasse 15 
3000 Hannover 
W, Germany 
Tel: 0511 17844 Telex: 09 22922 

Fairchild Camera and Instrument GmBH 
Poststrasse 37 
7251 Leonberg 
W. Germany 
Tel 0715241026 Telex: 07 245711 

Sales 
Offices 

Hong Kong 
Fairchild Semiconductor I HK Ltd, 
135 Hoi Bun Road 
Kwun Tong 
Kowloon, Hong Kong 
Tel 3-440233 and 3-890271 
Telex· HKG-531 

Italy 
Fairchild Semiconducttori, S.P.A. 
Via Flamenia Vecchia 653 
00191 Roma, Italy 
Tel: 06 327 4006 Telex: 63046 ,FAIR ROM 

Fairchild Semiconducttori S.P.A. 
Viale Corsica 7 
20133 Milano, Italy 
Tel: 296001-5 Telex: 843-330522 

Japan 
Fairchild Japan Corporation 
Pola Bldg. 
1-15-21, Shibuva 
Shibuya-Ku, Tokyo 150, Japan 
Tel: 03 400 8351 Telex: 242173 

Fairchild Japan Corporation 
Yotsubashl Chuo Bldg 
1-4-26, Shinmachi 
Nishi-Ku, Osaka 550, Japan 
Tel 06-541-6138/9 

Korea 
Fairchild Semikor Ltd. 
K2 219-6 Gari Bong Oong 
Young Dung Po-Ku 
Seoul 150-06, Korea 
Tel: 85-0067 Telex: FAIRKOR 22705 

mailing address I 

Central P.O. Box 2806 

Mexico 
Fairchild Mexicana S.A. 
Blvd. Adolofo Lopez Mateos No. 163 
Mexico 19, DF 
Tel: 905-563-5411 Telex: 017-71-038 
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International· 

Scandinavia 
Fairchild Semiconductor AB 
Svartengsgatan 6 
S-11620 Stockholm 
Sweden 
Tel: 8-449255 Telex: 17759 

Singapore 
Fairchild Semiconductor Pty. Ltd. 
No. 11, Lorong 3 
Toa Payoh 
Singapore 12 
Tel: 531-066 Telex: FAIRSIN-RS 21376 

Taiwan 
Fairchild Semiconductor Ltd. 
Hsietsu Bldg., Room 502 
47 Chung Shan North Road 
Sec. 3 Taipei, Taiwan 
Tel: 573205 thru 573207 

United Kingdom 
Fairchild Camera and Instrument Ltd 
Semiconductor Division 
230 High Street 
Potters Bar 
Hertfordshire EN6 5BU 
England 
Tel: 0707 51111 Telex: 262835 

Fairchild Semiconductor Ltd. 
17 Victoria Street 
Craigshill 
Livingston 
West Lothian, Scotland-EH54 5BG 
Tel: Livingston 050632891 Telex: 72629 

GEC-Fairchild Ltd. 
Chester High Road 
Neston 
South Wirral L64 3U E 
Cheshire, England 
Tel: 051-336-3975 Telex: 629701 



FAIRCHILD 

Schlumberger Company 

Fairchild reserves the right to make changes In the circuitry or 
specifications at any time without notice. Manufactured under one of 
the following U.S. ~3tents 2981877, 3015048, 3064167,3108359, 3117260; 
other pat nts pending. Fairchild cannot assume responsibility for use of 
any circuitrY described other than circuitry embodied in a Fairchild 
pro uct. N ther circuit patent licenses are implied. 


